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THE DELAYED AUDITORY FEEDBACK EFFECT 
IS A FUNCTION OF SPEECH RATE? 


GEORGE M. ROBINSON * 


Duke University 


The delay producing maximal disrup 
feedback (DAF) is nearly equal to the duration of the 


models of speech cognition with a fixed 
Ss with flashing lights, it was found possible _ 


supporting 
one-sixth of a second. By pacing 
to vary the speech rate und 
disrupting speech 
function of the speech rate, 
its timing from the speech itself 


lessen the pl 
nations for the DAF phenomenon are 


Models for the perception, memory, and 
production of speech can be separated on 
the basis of whether they have an internal 
Or an external source of timing. Inter- 
nally timed models provide the speaker 
With a built-in clocking system indepen- 
dent of the durations of the elements of 
Speech (Lenneberg, 1967).  Externally 
timed models have no internal clock, but 
instead derive their timing from the (rela- 
tive) durations of the speech elements 
themselves (Robinson, 1970). The first 
model is thus timed independently of the 
Speech it is processing, while the timing of 
the second model depends directly upon 
the temporal pattern of the speech. The 
first would support and the second would 
deny a theory of discrete "psychological 


X iraani: you, Dayid McNeill and Janice Moulton, 

a uable criticism. National Science Founda- 
2 eet GB 15369 supported the research. 
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er conditions of DAF. 
did not remain fixed but moved 
supporting a model 
and not from an internal clock. The results 


ausibility of the existence ofa 


tion of speech under delayed auditory 


average spoken syllable, 

, internal time base of 
The delay maximally — 

along as an inverse linear 

of speech cognition that derives 


“psychological moment." Expla- 


discussed. 


1 


moments” as conceived by Stroud (1955) 
and White (1963). 
Two experimental paradigms bear on 
this theoretical difference: the "alterna- 
tion" experiment (Cherry, 1953) and the 
delayed auditory feedback (DAF) experi- 
ment (e.g., Black, 1951). In the first, S 
is required to "shadow" a recorded speech 
signal switched back and forth from one 
ear to the other. In the second, S is re- 
quired to speak aloud while listening to his 
own voice fed back to him after being 
subjected to a short delay. Both the 
period of alternation in Cherry's experi- 
ment and the feedback delay in Black's 
experiment that led to S's worst perfor- 
mance were about $ sec. This approxi- 
mates the period of timing rhythm pro- 
Lenneberg (1967, p. 110 ff). 


Huggins (1964) demonstrated 
the 


posed by 

However, 
that when the speech played to S in 
alternation experiments was speeded up, 
the period of alternation causing the worst 
performance was shorter. Therefore, the 
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maximally disruptive period of alternation 
depended upon the durations of the ele- 
ments of the speech itself and was not an 
independent property of the speaker, 

For the DAF Paradigm, it would seem 
important to vary the speech Tate to see 
whether the maximally disruptive delay 
would change along with it, analogous to 
the way Huggins (1964) varied the "listen- 
ing" rate in the alternation paradigm. 
After several preliminary attempts, it soon 
became apparent why this had not been 
done before, [t is extremely difficult for 
a person to maintain any constant speech 
rate while experiencing DAF, The strong 
"drive" to maintain Coherent speech leads 
even the most disciplined S to gather his 
Speech into rapid Stacatto bursts and to 
perform other temporal distortions, This 
behavior itself suggests a relationship be- 
tween speech rate ximally inter- 
fering delay, 


ese 
a Strong test of 
able duration and 


METHOD 

Each of four 

isolation chamber, Zach wore earphon 
an array of colored pil 

instructed s 

flash of the lights, 

to enunciate e 


arefully instructed 
to try to mak 


evenly and 
as long as the light 
was demonstrated for 


Pe recording counting a Sample series 


of light flashes, 


The S then W 
50 flashes each 


The flash rate w; 


h t Neard his 
own voice Without delay through his earphones 
accompanied by a background of "pink" noise (a 
White-noise & Stricted to the frequency 
iman speech) of about 60 SPL in 
order to mask that Portion of his Speech he could 
hear through the bones in his head, 
eginning with flash number 21 the feedback to 
S from his microphone to his 


he Pink-noise 


c Continued he delay 
Was achieved with a Continuous-loop, Variable- 
speed tape transport designed for this experiment, 


ROBINSON 


The five different delays | (see Fig. 2 Mae 
were distributed across the eight speech ede, 
alternating ascending- descending series to p ire 
40 experimental conditions, Fhe apn diede 
was used to prevent practice effects from z delay 
any particular combination of short or long 3 
with slow or fast speech rates, 

The entire presentation to 


including directions, 
flashes, and Switching 


between normal and € 
feedback was programmed on magnetic tape. Ee 
timing of the system including the delay unit wi 
accurate to within 167. 
Scoring.—Each of the 
potential error Score of 3, 
syllable missed "thirty," 
have two Syllables, 
“twenty-seven,” x 
which have 


spoken numbers had E 
1 point for each who! a 
"forty," and "fifty" only 
but they are balanced out by 
thirty-seven,” and “forty-seven, i 
four) When a whole syllable Was 
omitted or repeated, it scored 1 point, e.g., | wee 
eight” and “for-five.” When an error Was iu 
that affected only part of a syllable, it scored } poin 
©. inappropriate glottal stops like | EVES Fa 
uncompleted syllables like “twenty-si and strik aE 
quavers within a vowel like “forty-fiyiyive. a 2 
alternative scoring System, in which all errors ds 
weighted the same, turned out only to increase the 
significance of the results to be discussed, 


, 


RESULTS 
To permit comparison 
rates, a normalized error 
Prepared for each § b 
the errors made at all five delays for each 
Speech rate equal to 100 and proportioning 
the cells accordingly, The matrices appear 
in Table 1 along with the normalization 
factors by Which the error scores were 
multiplied, The matrix for each 5 displays 
à strong diagonal tendency, 
Table 2 combines the dat 
Ss. An 8X5x 4 
found a sig 


across speech 
Score matrix was 
Y setting the sum of 


a for the four 
analysis of variance 
nificant Speech Rate X Delay 


interaction, F (28, 84) = 2.28, p < 0f. 
elay alone was not a significant factor, 
F (4,12) = 51. 

Figure 1 displays the combined data, 
plotted to show articulation Score as a 
unction of fee back delay for three of the 
eight speech rates, 


The series of graphs 
: isruptive effects of 
auditory feedback as a function of 
e. 


“ne maxima of the c 


from right to left as the 
lon decreases (speech rate 
it would be valuable to know 


Irves in Fig. 1 
Syllable durati 
increases), 


uw - 
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EFFECT OF SPEECH RATE AND DAF EFFECT THEORIES 3 


TABLE 1 


NORMALIZED ARTICULATION ERROR SCOR! 
Four SUBJECTS UNDER DEL4 


VITH NORMALIZATION FACTORS FOR 
ep AUDITORY FEEDBACK 


Delay (in sec.) s Delay (in s 
Rate ? elay (in sec.) 3 
ün see/ayitable) = pnm peus 
.360 | .270 | aso | 13s | 000 | StF | 360 | 270 | aso | 135 | .o90 | fet 
Sı Ss 
ji 
19. 40 | 24 | 16 | 16 4 | 40 57 | 29 | 14 0 0 | 143 
E 3 32 | 15 9 6 | 29 55 | 30 | ds 0 0 9.0 
Et : 38 | 13 6 0| 63 19 | 38 | 25 6 | 13 6.25 
23 9 | 30 | 30 | 2 9 | 44 9 | 38 | 36 | 27 9 Gh 
2 67 | 10 6 | 12 4 24 38 0 | 13 | 25 | 23 | 1259 
iid ze die sm o x [ong 63 19; || 91. | 95: | 25° | a6 82 
1067 l4 | ae | 15 | 26 | 32 46 | i$ | 20 | 22 | on. 2i 45 
: : 15 | 18 | 25 | 28 33 i8 | 20 | 47 | 323. 21 33 
Sz Ss 
M 21 142 | 21 16 0 5.3 76 | 18 6 0 0 2:9 
6 31 | 31 13: | 13. |] 13 6.3 51 | 36 | 12 0 0 24 
50 7 14 | 36 | 36 7 7.1 12 | 20 | 36 | 32 0 2.0 
33 7 36 21 21 14 T4 16 25 35 23 T 132 
.25 9 16 4l 28 6 3.1 13 12 27 37 12 Al 
AT 6 | 12 |..27. | 22 | art 2.0 Ces | ao | S5 18 
10 2: | stil TIC T i533 14 3 i toy} 13: | oda | Mi xp 
.067 157| Tel 4 | 26 | 31 53 3T 430 | 13 | 31 p 43 73 


something of the function that relates the 
effects of DAF disruption to the interaction 
of syllable length and delay. Figure 2 
shows the first-moment central tendency 
of articulation scores as a function of the 
delay for each speech rate. Admittedly, 
this is a crude and possibly misleading 
Procedure for at least the two curves, 
Which are truncated and do not with 
certainty return to the abscissa (i.e., the 
l-sec. syllable rate and that for .67 sec/ 


syllable, which is similar but displaced to 
the left). A least-squares line is cautiously 
offered. The function relating speech rate 
to the delay that is maximally disruptive 
to that rate is: 


+ Mean Syllable Duration 
+ 160 msec. 


Delay 


Note that the slope is an undimensioned 
It has no relationship to Lenne- 


number. 
“magical one-sixth second 


berg's (1967) 


TABLE 2 


Mean NORMALIZED ERROR SCORE FOR FOUR SUBJECTS AS A FUNCTION OF 
SYLLABLE LENGTH AND FEEDBACK DELAY 


Delay (in sec.) 
tie pee de) .360 370 .180 435 .90 EE 
M SD M SD M SD M SD M SD 
1.0 48.5 | 20.4 | 28.3 8.8 | 14.3 5.4 8.0 8.0 1.0 1.7 290 
67 43.8 9.7 | 32.3 23 | 145 | 23 | 55 5.7 4.8 | 54 285 
50 20.5 142 | 27.5 10.7 | 27.5 9.5 | 20.0 | 14.1 5.0 54 240 
33 10.3 3.4 | 22.3 6.6 | 30.5 5.9 | 23.3 Z3 8.3 4.7 205 
25 31.8 | 23.2 9.5 5.9 | 24.3 | 15.0 23.0 6.4 | 11.8 8.2 215 
AT 13.3 9.0 | 17.5 3.4 | 24.3 43 | 22.5 23 | 20.50 | 9:3 185 
-10 13.3 6.5 | 13.8 3.9 | 14.3 5.4 | 27.0 4.3 | 31.8 T2 175 
:067 123 | 56 | 148] 36] 155 | 21] 263 | 3.0 | 30.8 | 79 175 
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articulation c 
hree (typic. 


Fic. 1, Normalized 


rror Score 
duration for t 


as a function of delay 
al) of the cig 


ht speech rates, 


a- 
of the moment approaches zero, the E 7 

p i 
i Sure of central tendency approaches t 


; Th; s > con- 
Curve's maximum.) This procedure c 
promise 
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Discussion 
Although the 
of the function) 


sly defined, 


Monstrate that the 
maximal 


the speech rate. If the 
eect of DAF is related to the source of the 
Uming of Speech (both Lenneberg (1967) and 


he results 


à model whose timing 
the speech itself, against one whose 


the Speaker, is independent 
of the Speech, 


Ümsec. This 
ày that maximally 
norma] conditions. 
allows the Sreatest co- 
e Ne syllable being articu- 
ated and the audi 


| itory feedback from the 
Previous syllable, "he Optima] Overlap be- 
‘Ween spoken and heard sy t; COT 
a ard syllables might c 
-200 225 -250 275 300 fuse the speaker In one (or a Combination) of 
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'5 actually Eenerating and what the 
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: MS 
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EFFECT OF SPEECH RATE AND DAF EFFECT THEORIES 


the normal correspondence between spoken 
and heard syllables in two ways: he can repeat 
a syllable (stutter) or he can lengthen it 
(drawl). i 
ies pu Fairbanks (1954), and Smith 
2) explained the DAF effect in the above 
way. However, within this general descrip- 
tion, their models differ considerably. Lee 
stressed a hierarchy of servomechanical con- 
trol loops; Fairbanks considered the several 
sources of feedback—proprioceptive, air-con- 
ducted, and bone-conducted sound; Smith 
incorporated the phenomenon into a “neuro- 
geometric" theory (Smith & Smith, 1962), 
ca ST 
Matine the hier a j evels instead of 
aung and sensory aspects and 
permitting only one (or a few) discrete lines 
of negative feedback. 

A second way in which DAF may disrupt 
speech is by misinforming S as to the temporal 
position of any particular syllable in the utter- 
ance. This is consistent with the ‘“‘recircula- 
tion" theory suggested by Chase (1958) and 
with the “control mechanism" proposed by 
Huggins (1968). Whenever S relies on feed- 
back from his articulatory apparatus, auditory 
feedback informs him that he is speaking too 
slowly. Speeding up, however, increases the 
(relative) temporal discrepancy between motor 
and sensory feedback. Abandoning this strat- 
egy, S then tries to pace himself by relying on 
the auditory feedback. But now motor feed- 
back informs him that he has "gotten ahead 
of himself," Slowing down reduces the rela- 
tive temporal discrepancy and leads to drawl- 
ing, the prominent symptom of DAF. Escape 
from DAF does result when S slows down 
enough so that the duration of each syllable 
1$ large compared with the delay period. 
However, the demands of the experiment force 
him to speed up; most experiments required 
Ss to maintain “normal” speech. The present 
experiment, by providing external pacing, was 
very rigorous in this demand. When S speeds 
up he finds himself again increasing the dis- 
crepancy between spoken and heard material 
and the cycle continues. We might think of S 
as trapped by DAF in a hysteresis loop of artic- 
ulation rate as a function of the temporal dis- 
crepancy between sensory and motor feedback. 
, Earlier, Huggins (1968) tested the hypothe- 
sis now supported by the present experiment 
by requiring one S to read a sentence composed 


» Of all short syllables and one of all long sylla- 


ier: under different delays of auditory feed- 
pack, Huggins failed to find a significant 


Si 


interaction between delay length and syllable 
duration probably because he permitted his 
S to change the duration of syllables by as 
much as 250% and because he did not mask 
bone-conducted feedback. However, his “fine 
analysis" of the spectrograms of his S’s speech — 
led him to suggest that DAF disrupts speech 
by interfering with the ability of S’s control 
mechanism to “...keep track of its ‘place’ in 
the program [of motor instructions for speech] 
[p. 59]. This is more consistent with the 
idea that the DAF effect results from mis- 
information as to the temporal position rather 
than as to the phonetic quality of the syllable. 
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Subjective probabi 
differ in certain w. 
external events. 

ternal SP literature to the 
inferred measures of SP 
of elemental SP values, 
include much low: 
internal-extern, 


confidence. 


seemed to combine SP 
fashion. 


When people are required to deal with 
uncertainty arising from their own 
(internal or skill-derived uncert 
show a consistent tendency toward over- 
confidence. This tendency has now been 
demonstrated under a number of experi- 
mental conditions for several very different 
kinds of behavior: a perceptual discrimina- 
tion task (Howell, 1967), a probability 
learning situation (Howell, 1970), and a 
choice task involving combin. 
throwing and roulette (Howell, 1971). 
Only in the first "se i 
an indication tha 2 
objective probability (OP) for internal 
events, and even this was restricted to the 
higher OP levels, where a ceiling limitation 
begins to enter the picture. Moreover, 
one could argue that from S's standpoint 
the Uncertainty in that task was not en- 
tirely self-generated—s could occasionally 

do Well” and stil] “lose.” hus the pre- 
dominant tendency toward Overestimation 
seems well established, 

he signifie 
as well as se 


: limited Scope, lies in the fact th 


behavior 
ainty), they 


vas there 
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8S of more 
at (a) they 


7 4s.) WaS Supported by Grant GB 8052 
from the National Science Foundation, The as- 
sistance of Katherine E, DePitts; Deborah | 

Vandell, Martha M. Van Parys, ang Mary A. Falk 
In collecting ang le data is gratefully 
acknowledged, 

* Requests for reprin 
iG: Howell, 
versity, Hou 


analyzing ql 


ts should b 
Department of Psych 


ston, Texas 77001, 


e sent to William 
hology, Rice Uni- 


lity (SP) for skill-based or internal ev 
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Additionally, 


Asin the external case, direct and indirect SP n 
correlated, although the former were lower and 


values intuitively in 


ents has been shown to 
SP for environment-based or 
two other issues from the ex- 


internal case: (a) comparison of direct versus choice- 
and (b) description of rules for intuitiv 
range of uncertainties w. 
er values than before, and a Tecent study of preferences 
al compound events wasrep| 
ings generally supported carlier work in th 


€ combination 

às extended to 

among 
Find- 

dency toward over- = 

Measures were highly ` 

apparently more valid, People 

a predominantly multiplicative 


licated for triple compounds. 
€ consistent ten 


are not entirely consistent with typical 
external (environment-derived) uncertainty 
data, and (b) most of the empirical and 
theoretical work on decision making, choice 
behavior, subjective probability and the 
like is based exclusively on such external 
uncertainty (see, for example, reviews by 
Peterson & Beach, 1967; Slovic & Lichten- 
stein, 1971). It is doubtful, in view of 
discrepancies observed so far, that laws for 


ainty can be applied without 


he Present research deals with two 
Other areas in wh; ce of uncertainty 
of Consideration : rules for 
g the Uncertainty in multiple or 


compound events, and Comparability of 
Subjective probability. (SP) estimates de- 
rived from judgment Versus choice, 

oth of these areas h 


ave received con- 
e case of external 
notable exceptions, 
und that People are 
ning Probabilities in- 
in Bayesian terms, 
or values in light of 
as much as they should 
lovic & Lichtenstein, 1971). On the 
other hand, Seems a viable con- 
Struct in that there is à high correlation 
between measures People produce directly 
through estimation and those inferred in- 
directly from their choice behavior (Beach 


siderable attention in th 
Sources. With a few 
it has usually been fo 
Conservative 


ns in combi; 
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t Phil; <n 

P Phillips, 1967; Beach & Wise, 19692). 

M only difference is that direct estima- 

Er eme to vield the more reliable and 
‘nt measure (Beach & Wis 

ie ior ire (Beach & Wise, 1969b; 


Neither of i 
E of these conclusions has been 
BE to the case of internal uncer- 
y. An incidental finding from an 


ae E ey 
may not be as High cendi ey o = 
ternal Pedes (He b Fütérmal as for ex- 
would the S owell, 1970). If true, it 
considering. EP question the practice of 
emus ing SP a unitary psy chological 
Thus in choice and decision models. 

E n 
Sid direct va f 2 con pination-rule 
cise versus indirect measurement 
ere i ee first, both scaling techniques 
thai SP ied to a set of internal events 
owe $ uded compound as well as simple 
a ences. The SP values yielded by the 

methods were compared, and com- 
hos cl judgments were compared 
Sens estimates derived from simple judg- 
Berne Thus both issues were studied for 
&hd i considered individually. he second 
Sisten i; experiments examined the con- 
ru. oy of preferences, involving pairs of 
decisi events pitted against each other in a 
TRE n fa The second dealt ex- 
tlie Td with internal uncertainty and 
Esel an extension of an earlier 
Se pe (Howell, 1971), combined in- 
of ie with external sources in the definition 

each (compound) event. 


GENERAL METHOD 


malaises Thirty undergraduate volunteers, 17 
aliaa 13 females, were paid $1.25/hr plus 
ie pete ased on performance for participation 1n 
Were TAS, Two of these, 1 male and 1 female, 
of skill yppa for failure to achieve any semblance 
served Ee throwing. All of the remaining 28 
reached igcessivélý in all three studies after having 
event” ue eee oe skill level on the "internal 
Simula sd This procedure was dictated by the 
Sathereg es nature of the research; i.e, information 
in the B each S and knowledge acquired by each 
Second ram experiment was necessary for the 
eneral third. 

certainty icti. events for which internal un- 
CCisions xS measured (Exp. I) and upon which 
throws f, ere based p. Il and ILI) were dart 

or specified target criteria (rings on a dart 


on total "score" 


board). A simple event was a single throw; à 
compound event was a sequence of two, three, or 
four throws. ternal uncertainty was provided by 
roulette-type spinners, again in simple (one spin) 
or compound (more than one spin) form. Both 
techniqu s are described in detail elsewhere (Howell, 
1967, 1970, 1971). In the first two studies, both 
simple and compound events were comprised of dart 
throwing (internal uncertainty) exclusively, whereas 
mixtures of the two tasks (e.g., an event defined in 
terms of one throw and two spins) were included 
in the third study. In all three studies, S was re- 
quired to make judgments or choices on the basis 
of how likely he considered a favorable outcome to 
be for cach event as a unit: i.e., a single “hit” with 
a dart or spin in the case of simple events, a “hit” 
on all darts and/or spins prescribed for a compound 
event. 

Pretraining.—lnitial training in dart throwing 
was carried out in daily sessions of approximately 
40 min. each until accuracy had stabilized on all 
criterion rings. The S threw four darts in succession 
at a 30.5-cm. rifle target mounted on fiberboard at 
a distance of about 2.9 m. He received feedback 
' for the four throws, although ac- 
d separately for each target 
n in order to estimate his 
ions required 


curacy was calculate 


ring over each s 
asymptotic level. The number of s 
varied from two to four. 

Following dart training, two more ses ions were 
devoted to decision training in which S was familiar- 
ized with a procedure for later use in scaling SP. 
This procedure involved a series of choices between 
a skill task (dart throwing) and a chance task 
(roulette spinning) for a fixed payoff of 1¢ on each 
favorable outcome. ch prescribed dart task was 
pitted against a series of spinner values ranging 
from .1 to .9, and the subjective indifference point, 
expressed in "objective" spinner values, was taken 
as an index of SP. A more detailed account of this 
procedure and its rationale are developed elsewhere 
(Howell, 1967, 1971). The internal events for 
which SP was measured by this means were single 
dart throws spanning the range of difficulty for each 
S. Accuracy was monitored here, too, in order to 
detect any marked shifts in asymptotic level. 


EXPERIMENT I 


The immediate purpose of this study was 
to establish SP values for a set of events, 
both simple and compound, all involving 
the dart-throwing task. How confident, 
it was asked, is S in his ability to throw à 

rescribed number of darts within pre- 
scribed criterion rings? The ultimate pur- 
pose was twofold: (a) to determine whether 
SP measured in the fashion just described 
(ise: through choices involving an external 
“standard” scale) is comparable to that 
measured by direct rating, and (b) to 


y 
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explore the manner in which S combines 
simple SP values, however measured, into 
compound ones. 


Design and Procedure 


A pool of 14 events was constructed of all com- 
binations of a difficult (H) and an easy (E) dart- 
throwing criterion taken singly (H, E), in double 
compounds (HH, EH, EE), triple compounds 
(HHH, HHE,.. .EEE), and quadruple compounds 
(HHHH,...EEEE). The criterion rings for H and 
E were selected for each individual so as to approxi- 
mate as closely as possible OP (asymptotic ac- 
curacy) values of .50 and .80. Difficulty level for 
each event was thus equated across Ss, 
more, a rough estimate 
of the 14 events was 
that each throw in a c 
On this basis, expected accuracy varied from .80 
for the E event to about .07 for the HHHH event. 
Actual difficulty (w 


sumption) was determined later for each .S using 


1e experiment 
required that 
order specified (e.g., in 
difficult ring on his first 
s last two). When com- 

H and E components, 
internal order was dealt with as an extraneous 

i trolled within each sequence in 
appeared; e.g., EH and HE ap- 
peared equally often in any sequence. 

Ten of the 14 events were first 
indirectly as in pretrainin 
Pitted against a Series of 
times (two ascending and 

"he resulting 40 series (10 Events X 4 Series 
Replications) Were presented in an order random- 
ized Separately for each $, and the mean indifference 
Point was calculated for each S- 

Following this indirect estim 
again using a direct Proceduri 
were presented twice each, 
S estimated the a 
each one in perc 


proper. 
S throw 


Scaled for SP 
g, with each one being 
nine spinner values four 
two descending Series).? 


adjust his choice beh. ance with prior 
numerical estimates, bias, adjusting 
numerical estimates According to prior choice be- 
havior, seemed a far less seri anger in that 5 
would scarcely be ex emember— when 
numbers were calle ad responded on 
the 360 preceding He might, of course, 
have acquired some knowledge about relative fre- 
quencies; but that would be entirely consistent with 
IIS TUM 


° The events eliminated we 
for use in the Subsequent stu 


empted to 


Te those Je; 


di ast suitable 
les, 


the objectives of the research and thus hardly a 
“bias.” 


Resulis 


For simple and compound events alike, 
whether directly or indirectly measured, 
the tendency again was solidly in the direc- 
tion of overconfidence. This is seen most 
clearly in Fig. 1, a plot of the SP-OP 
difference scores by the two scaling tech- 
niques for all 10 conditions in which both 
methods were used. The OP values in all 
cases were the empirical accuracy scores 
obtained over the 36 occasions on which 
S performed each event (single or com- 
pound). Here, as in all cases where aver- 
age data are presented, computations were 
carried out for individual Ss and then com- 
bined. The trend, as in earlier work, was 
for overconfidence to vary inversely with 
OP—especially for the choice-derived mea- 
sure. Variability of the points in Fig. 1, 
incidentally, was large but comparable for 
both functions: the semi-interquartile range 
was about .06 for the indirect and .07 for 
direct measures. The distribution of in- 
direct measures was markedly skewed. 

Figure 1 also shows that direct scaling 
yielded consistently lower SP estimates 
than did the indirect method ; median over- 
confidence measured directly ranged from 
about 19, while the comparable 
range for the choice-derived measure was 
about .09 to .28. Correlation between the 
two sets of data, however, was high 
(r — .83). 

The above conclusions were substanti- 
ated by an analysis of variance applied to 
median scores for each S. Both the dif- 
ference between measures, F (1, 540) = 
48.27, and the Overall trend over OP, F 
(9, 540) = 7.89, were Significant at p < 01. 

Turning to the question of how people 
combine internal uncertainty information, 
the relevant data are summarized in Table 
1. In the first two columns, mean OP 
(accuracy) and SP are presented for all 14 
kinds of events. Data collected by the 
indirect method did not cover the full 
range of events and hence were omitted 
here; they Were, however, included in all 
analyses where selected subsets were of 
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Objective Probability Level (OP) 


Fy ; 
gar Comparison of the overconfidence (SP-OP) 
unctions for the two ways of measuring SP. 


m The last two columns give theo- 
t al values for the same events. based 
pon the assumption that S deals with the 
Component throws as though they were 
Independent. ‘These predicted values were 
developed on the basis of each individual's 
ee on the simple events (H and 
M. In other words, predicted OP for a 
ound (say EH) was computed by 
E iplying the accuracy scores made by 
Ws h S on the simple events of which it 
MN composed (e.g. 81 X .52) and averag- 
the them. Predicted SP was derived in 
H cue fashion using S's own judgments 
ine and H events as the basis for compu- 
i iv The rationale for such an approach 
dU p measured SP for a simple event 1s 
ERA est estimate of S’s confidence in à 
for" e throw. If we compare measured SP 
a compound event (his demonstrated 
fidence ina prescribed multiple throw) 
ith the product of his single-throw con- 
Bee values, we can deduce how much 
ns Is confidence in success on the com- 
Pay, EM is contributed by factors as- 
in * c with compounding per se. Thus, 
Confidcan.” we can factor out the over- 
vuoi OE MB we know accompanies the 
E ent acts and examine what is left. 
Stores n were no residual, ie; af obtained 
Sügecsr ew with predicted ones, it would 
in ele hat S considers the uncertainty 
ments of a compound to be indepen- 


dent and aggregates accordingly. Should 
the residual change systematically as more 
throws are added to the compound, it 
would suggest that he does not consider 
the uncertainties independent. Other pos- 
sibilities, of course, also exist. 

One such possibility is what actually 
occurred. Looking at Table 1, it is clear 
that there was a residual SP attributable 
to some facet of compounding : obtaine 
SP was consistently above that predicted 
by the straight independence model. On 
an individual basis, 72% of the obtained 
values exceeded those predicted, X = 
64.80, p < .001 on the null hypothesis of 
50%, as did 65% of the choice-derive 
values, X2 = 18.64, p < .001. Thus the 
net effect of compounding seems to have 
been a further increased level of over- 
However, the data in Table 1 
any obvious trend in this 
d several further 


confidence. 
failed to show 
residual overconfidence, an 
analyses were undertaken. 

Analyses of variance were performed to 
determine whether the magnitude of the 
combination effect did, in fact, vary as à 
function of (a) number of throws com- 
bined, (b) H-E composition of these com- 
pounds, and (c) OP level. Since OP is 


necessarily confounded with the other two 
y out the 


variables, it was decided to carr 


TABLE 1 


SUMMARY OF OBTAINED AND PREDICTED ACCURACY 
(OP) AND CONFIDENCE (SP) LEVELS FOR ALL 


EVENTS 
Obtained Predicted 
Event 
OP SP op sP 
81 .86 — = 
-10 81 .66 H3 
.55 74 199 .65 
D .50 .67 43 56 
H .52 .60 = 2 
HE AS 57 42 .52 
HEE 35 292. 34 A5 
HEEE .28 A8 .28 .39 
HH 31 AS 27 36 
HHE 229 38 .22 .31 
HHEE 48 Pao, 18 121i 
HHH aS 27 44 Q1 
HHHE ll 24 .11 19 
HHHH .07 18 07 48 
Note.—Prediction based upon the product of probability 


values measured for component simple events. 


analysis in two stages on selected condi- 
tions. In the first, number (2. 3, or 4 
components) was crossed with composition 
(all-H, mixed, all-E) and OP varied freely. 
In the second, number was crossed with 
OP using those compound events—however 
constituted—which Save comparable OP 
across number. It was Possible by this 


hree number levels 


h and low), Results 
of these analyses were uniformly non- 


WILLIAM 


mposition condi- 
compounds, the combina- 
ased with number while 
ed compounds it increased. 
ally significant, this inter- 
particularly large in 
Neither is it easily 
for both the level 
of OP varied concomitantly 
:07 to .30 for all-H; .50 to .70 for all-E, 
"Thus, while a reliable but small source of. 
Systematic variance Probably does exist, it 
Seems far more realistic to emphasize the 
remarkable stability of the combination 
effect considering the wide variety of spe- 
cific compounds studied, It seems as 
though S adds to his SP a fairly constant 
adjustment for compounds, whatever their 
nature, rather than some differential bias 
to successive components or Steps in the 
aggregation process. Were the latter the 
case, the effect Would have been à consis- 
tent trend over both number of compo- 
nents and Op. is contention is further 


and range 
: from roughly 


TABLE 2 
MEAN OvERESTIMATIQy OF SP A 
THE COMBINATION P 


TTRIBUTABLE TO 
ECT 
TIONS; Dy 


ROCESS (SELE ED CoNpi- 
RECT MEASURES 


No, combined 
Composi- 
tion 
2 3 4 X 
AII-H m 0 05 .09 
Mixed “04 06 2 07 
AILE 06 09 10 08 
5s .07 .08 .09 .08 
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TABLE 3 
e" , p * COMPO- 
COMPARISON OF EsriMATED “Impact” or C 


T ÉCTLY | 
NENTS ON HIGHER ORDER NTS WITH Dine cu 
MEasunED SP For T HESE SAME COMPONE 


Component | 


Mean impact Direct SP 
66 .60 1 
E | B m 
HE | .60 S7 
EE .85 81 
HH Ad 45 
HEE .62 52 
HHE 42 .38 
HHH .29 97 
EEE .79 74 


supported by an analysis of the average 
"impact" of each event on all higher order 
events in which it appears. The impact of 
an event in any higher order event (e.g. of 
HE in HEE) is calculated by considering 
the higher order event a product of two 
components, the lower order one (HE) and 
a multiplier (E); then SP measured for thie 
higher order event (HEE) is simply divided 
by SP for the multiplier (E). This, in 
effect, indicates how much impact SP 
must have had on SP; to produce SPuzs 
assuming the multiplicative rule, Average, 
impact estimates should approximate ob- 
tained SP values to the extent that Ss 
tend to combine uncertainties in a multi- 


plicative fashion, Comparison of these 
two measures is given in Table 3. 
sidering that the 


Were not adjuste for the Postulated com- 
ination effect, ¢ igher order events 
were necessarily based on fewer cases than 


lower order ones, the agreement seems 
quite good, 


EXPERIMENT II 


The purpose of this experiment was to 
Study the Validity of the uncertainty esti- 
Exp. I by using the same 
paradigm. Specifically, 

choose between pairs of 

events—all as simple or compound 
dart throws. (o. a fixed payoff. Since all 
Y Was internal, he would be ex- 

pected to sho 4 preference for the event: 
With the higher Measured SP (if these 
measures are valid). Moreover, the pre- 
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~ sh iffer if i 
| should differ if one is more valid than the 
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dictive accur. 
ctive accuracy of the two SP measures 
other. 


Design and Procedure 

E ydg E events were presented to each of 

s au Gomes a random order. The pairs, 

ET QNS from the set of 14 events de- 

dme n Be p. I, listed in approximate order of 
ing SP difference were as follows: 


Event A Event B 


H EEE 
EEEE HE 
HH HEEE 
HHEE HHH 
HEH HEEE 
HEE HH 
EE H 

H EEEE 
EEE HE 
HHH HEEE 
EE H 
EEEE HH 
HEH EEEE 
HH EEE 
EEEE HHH 


EAM See of possible pairs was all that remained 
Cie epe S could handle easily without 
EE) ring SP: i.e. all pairs in which one member 
etc.) ES a component of the other (EEE, HEE, 
Serier A which both had the same number of 
eg. H H enca one had more H s than the other— 
ard EE vs. HHHE). Since H is obviously 
er than E, and it is obviously harder to hit 
ot than N throws, choices involving such pairs 
All ROME nothing. 
a ts ien alternatives were > 
of jora session; on half of the occasions one member 
ee pair was read first, and on the other half it 
read 2n last. After each pair of alternatives was 
threw T M made his decision, also verbally, and 
and su he prescribed number of darts. His choice 
6 E pd on that event were recorded ; feedback, 
liis teil was immediate. Following the last choice 
and eo, ny correct was converted to cents, 
vas paid off. 


presented verbally in 


Results 


sie tains index of performance was 
ärger rain oe of times the event with the 
Droleme l. To probability of success was 
esses : : comparative purposes, both 
Sach eve of SP were used. The'value of 

ent on both of these scales was 


Compute. PES 
Puted separately for each S. Differ- 


11 


3 


io 
o 


HU 
Direct: ^ Zu 
> " 
© -—Ilndirect 


Jo 45 .20 25 .30 .35 .40 45 .50 55 
Subjective Probability Difference 


y 
o 


® 
o 


50 


Proportion Correct Choices 


o 


0.0 .05 


Fic. 2. Proportion of times the event with the 
higher SP was preferred at various SP difference 
levels. (Abscissa points are located at the midpoint 
of each SP difference interval.) 


ences between alternatives on each pair 
were then ordered and grouped into ranges, 
each range containing an approximately 
equal number of cases. This resulted in 
9 different categories for indirectly mea- 
sured SP and 10 for directly measured SP. 

The two functions thus obtained are 
shown in Fig. 2. The Ss appear to have 
been highly consistent in choosing the sub- 
jectively more likely event. The high cor- 
relation between SP measures obtained in 
Exp. Lis reflected in the similarity of Fig. 2 
functions. The only notable discrepancy 
occurs for differences below .20 where the 
direct measure indicates slightly better 
discrimination. In a more rigorous test 
of the superiority of the direct measure, 
a separate analysis was carried out on 
those decisions for which the indirect and 
direct measures led to differen! predictions. 
While only 107 of the 840 predictions were 
discrepant, (another reflection of the high 
correlation), on 60% of these occasions 
the direct measure was correct in predicting 
the decision. The resulting xX? = 4.56, p < 
.05, is rather strong evidence of the superi- 
ority of direct over indirect SP methods, 
especially when one considers that some of 
the 107 cases were undoubtedly in the 
f very small "real" SP differences 


range O 
where near-chance predictions would be 


expected. 
EXPERIMENT lll 


Elsewhere it has been shown that in a 
tween equiprobable events com- 


choice be 
an internal and external uncer- 


posed of 


om 


tainty component, S$ consistently prefers 
the alternative with the Preponderance of 
uncertainty in the internal component 
(Howell, 1971). This follows from the 
generalization that overconfidence is more 
typical of SP for intern 
events. 

In studying that problem 
sary to deal with compoun 
which had one interna] 
component. The present study was simply 
a replication of that study for triple com- 


pounds combined OP: 
HHH, HHE, HEE, and EEE. In each 


al than for external 


; it was neces- 


—external con- 
The entire range of difficulty was 
lower (about .12 to .51) than in the previ- 
ously reported study (about .30 to -70). 


Design and Procedure 


Four levels of event difficulty 
bined factorially with four | 

Composition to yield 16 di. 
In all Cases, positionin 
components 


TABLE 4 
Croce FREQUENCIES FOR Bory ALTERNATIVES py 
EVENT Pars DIFFERING ONLY iN INTERNAS 
EXTERNAL Cowrosrrios 
I-E Difüculty leve] 
Pair err Composi- HHH | HHE | Hgg EEE 
1 a 1001- 0E 32 35 33 | 44 
b 01-100 E 24 | 21 | 53 15 
2 a 671- 33 E 22 31 36 
3: 2 4 
b 331- 67E 34 | 25 | 50 B 
3 a 671- 33E 38 
K 22 31 
b 01-100 E| 18 34 25 ie 
4 a 67 I- 33 E| 25 30 | 29 
E 39 
b 33 J- 67E 31 26 27 | 17 
5 a 100 J- 0E 26 37 | 4 
2 | 42 
b 67 I- 33 E| 30 19 14 | 14 
6 a 331- 67k 3 
b 01-100 E 2 5 2 
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Pairs of event alternatives were then formed P 
all combinations of events at cach level of o i 4 
Thus, for example, there were six HHH pairs, a 
differing in terms of the internal-external composi- 
tion of the compounds, 

The S's task was to choose, in exactly the sn 
fashion as Exp. II, which of each pair he prefer 
to "play" for a 1¢ payoff. The entire set of a 
pairs was Presented twice to each § in a randon 
order during a single session. 


Results 


The main 
choices favor 
prefers 
sources. 


interest was in how often 
ed the hypothesis that S 
internal to external uncertainty 
In other words, how often did he 
prefer the predominantly internal com- ; 
pound event? The answer to this question 
is given in Table 5, Over all Ss and con- 
ditions, 61% of the choices favored the 
internal preference hypothesis. While this 
is significantly Sreater than would be ex- 
pected by chance, x2 = 62.58, p < .001, it 
is well below the 87% reported earlier. 
ne source of the discrepancy obviously 
lies in the difficulty variable. Whereas 
this proved to be a nonsignificant factor 
Over the range of .30 to .70 covered by the 
earlier study, it was apparently quite im- , 
Portant over the lower range studied here: 
only 53% of the decisions were in the 
hypothesized direction for the most difficult 
level (HHH; 


-12), compared to 73% 
or the easiest leve] (EEE; Op — 2519: 


Vhat accounts for the rest of the dis- 
crepancy is not entirely clear, although it 
could be simply that triple Compounds are 
less easily discriminated on the basis of 


P than are double Compounds of the sort 
used previously. 


ee 


ML s 


conclusions Si 
oing results, 


h it holds to compound 
Probability events, and direct i 
It is still debatable - 
€rconfidence represents 
ion of uncertainty per se, 


x 


Ay) 


COMPOUNDING UNCERTAINTY FROM INTERNAL SOURCES 13 


or rati = 
P theoperation of some other process—perhaps 
n a utility factor—which, together with SP 


^. 
and sr utility fac 
l other utility factors, determine decision 


behavi The fac : 
E tendency (ond estima bon 
aie = ndency (and not just the 
suspect choice-inferre RC im 
least a weak arg e-inferred measure) is at 
It ould be seil [ur RE 
could be made E TE 5 D statement 
"he. 'overconfidene e magnitude and shape 
nately, this SeA idence function. Unfortu- 
very tide E not yet possible except in a 
appear wur and tentative Way. It would 
with OP yee the function generally decreases 
in the be ee hs of how the uncertainty 
A e, is constituted or measured. How- 
diferenc e is always a very large individual 
sures N Moreover, direct mea- 
estimate po lower, and seemingly more valid, 
and er. "ion do choice-inferred measures, 
confider © tasks seem to generate more over- 
iced. than others. Dart throwing has 
Race ae the greatest amount of overconfi- 
aide Pamong the tasks studied to date. This 
tanks s attributed to the fact that of the 
Ser sed so far, dart throwing is the most 
iously devoid of external sources of control. 
sal problem in describing "the overconfi- 
Hiotabl function" is that certain OP levels, 
effect y around .50, seem to have a distinctive 
er SP: people seem either to recognize 
refer PE more readily than others, or to 
cR the .50 response, for SP in this region 
ab A a perceptible dip (although it remains 
TS OP, see Fig. 1). 
"- second major conclusion. has to do with 
Would ation of internal uncertainty values. It 
NS P PDC that people are very nearly 
compo in the rules they use to aggregate 
ene mee uncertainties, at least in this pres- 
RACH ae Given their initial overconfidence in 
stant omponent event, and a relatively con- 
com adjustment applied in the case of 
M pounds, SP is accounted for quite nicely 
eating multiplicative rule. | Consider, for 
or A e the progression of obtained SP values 
HHHH(IS) case: HH (45), HHH (.27), and 
60 (the er If we multiply each of these by 
next hig} for H alone) to predict SP for the 
HHHH(.16 compound, we get HHH (.27) and 
the valus 6), which is in close agreement with 
With H E obtained. Thus the SP associated 
uiae a fairly constant and appropriate 
an PIS. all its compounds. This is not 
case, as is shown 1n Table 3. 


Finally, a word is in order concerning the 
combination of internal and external uncer- 
tainty in the same compound event. This, 
after all, is probably most representative of 
real-life decision situations. In triple as in 
double compounds, people show the predicted 
preference for internal sources. However, for 
reasons yet to be determined, the magnitude 
of preference was not as strong here as in an 
earlier study. Moreover, the preference breaks 
down completely at very low OP levels where 
people show the greatest amount of overconfi- 
dence in internal sources and, presumably, in 
external sources as well. At this point, but 
certainly not at higher levels, it appears safe 
to regard SP from internal and external sources 
as strictly comparable. 
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EFFECT OF STIMULUS ORIENTATION UPON HAPTIC 
PERCEPTION OF THE HORIZONTAL-VERTICAL 
ILLUSION ! 


J. DEREGOWSKI? Axp HADYN D. ELLIS 


University of Aberdeen 


The effect of orientation upon haptic perception of the L 
and in a horizontal plane i 
The data confirm the importance of the 
gest that this effect is independent both of the inclinatior 
ane within which it is presented. 

and tagential 
and found, prima facie, to provide 


sented in S's fron 


toparallel plane 
investigated. 


a plane and of the pl 
ing the relationship between the radial 
ploration was derived 
mation to the data. 


Two recent, related studies (Day & 
Avery, 1970; Day & Wong, 1971) demon- 
Strate certain disparities between visually 
and haptically perceived horizontal-ver- 
tical illusion figures. When an L figure is 
explored haptically, the perceived illusion 
is a result of a combination of the two types 
of exploratory movement described 
Davidon and Cheng (1964), 
of the figure which evoke radi 
(i.e., movements along any of the infinity 
of lines (radii) intersecting at S) tend to 
be perceived as longer than those which 
evoke tangential movements (ie, move- 
ments in planes to which 


radii is perpendicular.) 
these observations, it was found that when 
S is presen pe stimulus 


in his front nd, hence, is 
not required radial move- 


ments), absent. If an in- 


by 
Those parts 
al movements 


the T f 
L figure, These regu 
variance with the well 
obtained with geometr: 
stimuli presented in 


Same plane 
(Segall, Campbell, & Herskovits, 1966). 
*We wish to acknowledge. the 
Rosalind Heaton in collecting the d. 
* Requests for reprints Should 
Deregowski, Department of Psychol 
of Aberdeen, Aberdeen, Scotland, 


assistance of 
ata, 

be sent to Je 
ogy, University 
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and T figures pre- 
n front of him was 
Section effect and sug- 
1 of the stimulus within 
À theoretical curve show- 
components of haptic 

à satisfactory approx 


In the case of the latter, the illusion occurs 
for both figures, and is, as here, greater for 
the T-type figure. This discrepancy in 
the magnitude of illusion has been investi- 
gated by Künnapas (1955), who also sug- 
gested that it was due to intersection of one 
line by another. 

If the haptic section effect is the only 
factor distinguishing the T figure from the 
L figure, then one might expect this factor 
to remain constant whenever the two figures 
are compared under identical conditions. 
Should the difference in the amount of 
illusion evoked by the two figures under 
Such conditiong be shown to be variable, 
one would be forced to concede the exis- 
tence of some other factor or factors in 
addition to simple Section effect. Further- 
more, when comparing such figures one 
Would expect the magnitude of illusion 
Observed to be à function of the radial 
and tangential components of exploratory 
movements performed by S, 

he experiments reported 
nded to test the follow 
derived from the above con 
difference in the m 
sion between the ir 
L figure When bot 
in the same plane 
tion is independe 
these figures, 
explore the rel 
haptic com 
claimed to 


below were 
ing hypothesis 
siderations: the 
agnitude of haptic illu- 
Iverted-T figure and an 
h figures are presented 
and in the same orienta- 
nt of the orientation of 
They were also intended to 
ationship between the two 
Ponents (radial and tangential) 
account largely for the illusion. 


inte 


a 


HAPTIC PERCEPTION OF THE HORIZONTAL-VERTICAL 


EXPERIMENT I 
> Method 
Apparatus —The i 
marr cage Ta 
Important, modificati Uode Anth: q singles but 
. tion of the figure t nee i dina the orien 
sisted of a Poy eh ne The apparatus gon 
polished metal could be fi De inte a ae z 
iocum Deren be irmly set to form either a 
The metal apne pi for haptic exploration. 
and when set ae Were about 1.5 mm. thick 
6 mm. above de De place, protruded about 
avtdrigetient UR A board. The entire 
Cd Deptarud >i nini a large turntable, which 
EtGehed to t in the plane of the board. A scale 
io E ads n edge of the turntable enabled E 
métal per i s extent of its rotation. A set of 25 
Steps = 1 ae used, varying in length, in 2.5-mm. 
strip 75 z i to 100 mm., as well as a standard 
ater | nm. long. rhe turntable could be placed 
S in the horizontal or in the vertical plane. 
wd d Mr dE were 24 volunteer Ss (12 men 
E romen who were paid for particip tion and 
gradus da students (both undergraduate and post- 
ing) a ^ and staff (secretarial, ancillary and teach- 
P he University of Aberdeen. 
aes me procedure was used with 
OR igures, Each S was asked to s the table 
table hich the apparatus was placed with the turn- 
a ay the horizontal plane and to put on a pair 
met Mean goggles. The shield covering the 
e pide was then removed and he w told that 
middie d be required to explore a shape with the 
wheta finger of his preferred hand and to decide 
Ör Ai one of the lines forming the shape is longer 
wis aes than the other. He was asked which 
3 his preferred hand. 
R lie E took S preferred hand i l 
Vs Ges ase with the middle finger in contact 
the WD. junction point of the two lines. Choosing 
or oe direction at random, S's hand was guided 
exploring entire shape and he was asked, whilst 
inge ing the variable line, whether this line „was 
(At ii pr shorter than “this [the standard] line. 
‘ad his point, S s hand was guided to the standard 
€ and traversed it twice.) 
ote this introductory exploration, S's hand was 
t v and he was told that he now was allowed 
makin e six exploratory traverses of his own before 
T ng up his mind. 
een procedure was repeated for each of the stir 
i eao S If the need arose, in the course Ol 
tö usa perae Ss were reminded that they had 
Ead de middle finger only in exploring the figure. 
he SH i responded to one set of stimuli to which 
Dg i rated at random, with a restriction that 
two uos M to each set two were men and 
an RET T Each set was made of four stimuli: 
D dann. PT figure and an L figure in traditional 
ois at spes orientation, and of both figures 
°, 90° he following settings, 159, 30°, 45 , 60°, 
the datu the angle being measured clockwise from 
atum setting at one of the other angles. The 


and placed it on 


muli 


in 


at an inclination as presented 
(Under these conditions 
f the two limbs are acoso 


Fic. 1. An L figure 
in the first experiment. 


the radial components O! 
and bsina. These components are assumed to be 


subject to overestimation (factor K) so that the 
perceived length of the two limbs are a (1 + Kcosa) 
and b(1 + Ksina), respectively. Hence deter- 
mination of K using one of the PSE values yields an 
equation predicting the length of the adjustable 
limb (a) at all other settings within the quadrant: 
a=b + Ksina)/ (1 + Kcosa). This deduced 
curve is plotted in Fig. 2 (Curve D).) 


to provide base lines 
ach S's responses to other settings 
When a set was being ad- 


ministered the stimuli were presented in a random 
order, with the restriction that neither two 
stimuli nor two T stimuli followed each other in the 
sequence of trials. The constant-length limb of the 
L figure was either in S's frontoparallel plane or 
occupied one of the positions in the right-hand 
quadrant nearer to S (see Fig. 1). For the inverted- 
T figure, the length of the bisected member was 
likewise kept constant and the entire figure rotated 
so that the bisecting member lay in various settings 
in the right-hand quadrant further from S. 

The points of subjective equality (PSEs) per- 
ceived by 5 were determined by means of a staircase 
method (Cornsweet, 1962). A single staircase was 
used, in order to reduce decrements caused by 
practice (cf. Over, 1967). Coarse 5-mm. steps were 
initially used till three reversals were reached. 
‘After the third reversal, 12 trials, using 2.5-mm. 
The average of these 12 trials 
aken to locate the PSE. Within each group 
to the same set of stimuli, 
sted by the ascending 
y the descending 


datum setting was introduced 


against which e 
could be measured. 


steps, were run. 
was t 
of four Ss responding 
one of the Ss of each sex was te: 


staircase method; the other b 


method. 
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Results 


The PSEs obtained with the two d 


atum 
figures (inverted T and L) were com 


pared 
using analysis of variance. The only 
significant factor was the nature of the 


stimuli, F (1, 36) = 9.6, b < .005. As 
expected the illusion v 


vas larger with the 
inverted-T stimulus (PSE — 58.1 mm., 
s? = 61.6) than 


with the L stimulus 
(PSE = 65.7 mm., s? = 71.8. A com- 


parison of the PSE obtained with the L 
figure with the length of the standard 
(75.0 mm.) also yielded a significant result, 
£(23) = 3.2, p < .005. It therefore ap- 
pears that both figures evoked an illusion, 
and that the illusion was 7.6 mm. (10.1%) 
larger in the case of the T figure. 

The product-mome 
tween the PSEs obtained with the two 
datum figures was ,53 (b < .01). 

In order to reduce inter-S variation and 
to obtain a measure of illusion due to 


nt correlation be- 


*20 


^ Illusion (%) 


*10 
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Fic. 2 Percen 
G. 2. tages 
obtained with * 


theoretically 
shifted to t ace 

account of secti 
data and open s M e 
experiment.) 


and Inverted-T fi 
dédiced T figure: 


S of illusions observed, 


be Curve as described in Fig 
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orientation only, PSEs obtained from each 
S at his nondatum orientation were divided. 
by his PSE obtained with the same figure 
at the datum setting. The ratios thus ob- 
tained were used in an analysis of variance. 
Only one factor was found to be significant: : 
the orientation of the figure, which was 
tested between Ss, F(5,18) = 3.06, p < .05. 
Both effects tested within Ss, i.e., the type 
of figure and the Type of Figure x Orienta- 
tion interaction yielded F < 1. 

Figure 2 shows PSE values for both 
stimuli at various orientations, 


Discussion 


The data obtained are in agree 
the results reported by 
Haptic illusion was e 


ment with 
Day and Wong (1971). 


Voked by both L and 
Inverted-T figures when these were so placed 


that they called for exploratory movements in 
the horizontal plane. The consistently larger 
illusion obtained with the inverted-T figure 


k 


i 
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1970) Yia earlier observations (Day & Avery, 
The of the importance of the section effect. 
rm nonsignificance of the within-Ss com- 
MO. oi panes of nondatum response to 
tlie s a E ie two figures, shows that 
this E B : E provide no indication that 
the T mus po. upon the orientation of 
SOM Ure. je significance of the product- 
n ient correlation, on the other hand, sug- 
fat Pridie common mechanism contributes 
i illusory effect in both figures. 

E jc ian of the stimuli in the hori- 
Ei rune which was shown to have a 
ane e oet anog illusion, affects the dis- 
of Er i rox ial and tangential components 
he the a ory movements made when travers- 

he figures. It is, therefore, of interest to 


Conside Ridi 1 

$ ider the present findings in relation 
S earlier observations, involving these 
omponents. 


ae (1968) investigated the effect of the 
1a and the tangential components upon 
eres of distances between stimuli placed 
bs ith the frontoparallel and the sagittal 
anes, and found that his results confirmed 
the earlier findings; Ss tended to perceive the 
radial distances as longer than the tangential 
distances. is, as in the earlier 


3 However, in thi 
Study (Davidon & Cheng, 1964), only purely 
ntial arrangements 


radial and purely tange 
Were used. These form rather a special case, 
ES lines are neither radial nor tangential 
is * but contain both these components. This 
n he case with the horizontal-vertical illusion 
ipee presented, as here, in skew orientations. 
B eee to relate the present findings to the 
adial-tangential framework the following 
Approach was used. 
Anas was assumed that the radial element is 
asd overestimated by a constant factor K 
Pa that the perceived length of a line is a 
ne of its true length and its illusory radial 
n Thus, in the case of an L-type 
pl re presented to S at angle a to the sagittal 
ane in the quarter under consideration (Fig. 
da vu berceived lengths are: a(1 + K cosa) 
ENS + K sin a), where a and b are the true 
EE of the two limbs. Therefore, at the 
the eet illusory equality of the two limbs, 
a5 s 10 lengths of the two limbs are given by 
the e + K sin a)/(1 + K cos a). Given 
of Kc ues of a and b at any angle a the value 
ite an be determined and used in predicting 
LS ia of illusion at other angles. Since (as it 
mates A of 24 PSEs) the most reliable esti- 
So of the a/b ratio obtained in the present 
iment is that at the datum settiné 
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(a = 0°), this value was used in deriving the 
theoretical curve for the illusion (Fig. 2). This 
curve should, if the section component of the 
inverted-T figure has a constant value, des- 
cribe the L illusion and be parallel to the curve 
applicable to the inverted-T figure. This 
becomes apparent if one considers an analogous 
formula for the perceived length of the bi- 
secting member of the T figure: (a + c) 
Q +K cos a), where c is the section effect. 
The section effect can, if Day and Wong 
(1971) are correct in suggesting that it is the 
only effect when no radial movements are | 
called for, be determined by measuring the — 
magnitude of illusion 


evoked by a T figurei 
presented in any position in 


the fronto- 
parallel plane. This was done in the follow- 
ing experiment. 


EXPERIMENT Il 


Method 
A pparalus.—The same apparatus as in Exp. I was 
used. 
eer Ss (four 


were eight volunt 
of each sex) paid for participation. Seven were 


drawn from staff of the University (secretarial and 


teaching) and the eighth from the staff of a secondary 


school. 

Procedure.— The procedure was similar to that 
Here, however, the figures were 
Ss in their frontoparallel planes and 
datum setting, in which one limb 

and the stem of the inverted-T 
only two settings were used. 
"These were 60° and 90°, the angles, as seen by the 
Ss, being measured clockwise from the datum 
setting. These angles were suggested by the inspec- 
tion of the T-figure graph obtained in Exp. il 
which showed no illusion ate =60° anda surprisingly 
large illusion at «909. The Ss were divided into 
two groups. Both groups responded to datum 
figures, and, in addition, one of them responded to 
figures presented at a=60°, the other to figures 
presented at @=90°. The order of presentation ol 
figures and the allocation of Ss to the two groups 
were governed by the same criteria as in Exp. I. 


Subjects.— There 


used previou 
presented to 
apart from the 
of the L figure 
figure were vertical, 


Results 

The mean values of PSEs obtained are 
plotted in Fig. 2. A comparison between 
datum responses to the two figures re- 
vealed as expected a larger illusion in re- 
spone to the T figure, t (7) = 3.33 P < .01. 
An analysis of variance of the responses 
made to the inclined figures yielded only 
one significant effect; this too Was the dif- 
ference between the two types of figures, 
F (i, 6) = 29.7, p < 01, the T figures 


! 
ON 
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yielding larger illusion, 
of inclination 


o illusion to be obsery- 
Further- 


€ same S$ 
The data obtained 
are in accord with the above expectations 
be said to support the 
and Wong (1971). 


ng considera- 
r all three 


Was used 
in determining the magnitude of 


the intercept g Separating the L and T 

This was derived by Subtracting 
i With the 
1) from the 


tion, 


which 


figure (65.30 ^ 
length of the Standard 
gave c= 95 mm. 
adjustment to 
in Exp, | Was carried out (Fi 


1g. 2, curve T) 
and these data w 


“vere compared with the 
corresponding data obt 


(75.00 


ained With the L 
gure. No significant difference was found 
t(23) = 1.26, P 10. 
Discussion 
Both experiments appear to SUPPort earlier 
ee I2 TUA Avery (1970) and Da, 
and Wong and off esti, 
the possible ex Offer a Suggestion for 


tension 
analysis (Cheng 19 


of th 
1964) to fi 


e radial-tangentia] 
avidon & Cheng, 
Ot present Purely 
s. DSpection of 
the L figure and its 
rical Points, Other 


earlier workers, which is more general in scopy 
than the data on which it was based Ee | 
imply. Similarly the inverted-T figure ecc 
When the section effect is removed, fall, » 
the sole exception of the PSE obtained v 
the figure at @ = 90°, within proximity of Er 
theoretica] The discrepancy at A 
gation; for it may be a 
this orientation calls forth some special 
hitherto unconsidereg factor of the perceptua 


Since the apparatus and the procedure used 
are similar to those of Day and Avery (1970) 
and of Day and Wong (1971), it is of interest to 
Compare the mean PSEs obtained by these 


A 5 fing aa : 
Workers with those obtained here with identi- 
cally oriented stimuli, « 


figure presented in the fronto- 
parallel plane, the following mean PSEs were 
obtained: 77.5 (s? 82.8) for the Present data; 


(s* = 35.0) by Day and Avery (1970), 
and 74.6 (s* = 36.75) by Day and Wong 
(1971) For the Same figure in the horizontal 


plane the 65.7 (s? 
the present data and 60.6 (s 
Day and Wong (1971), Similarly 
figure Presented jn the frontoparalle| plane 
the PSEs were 66,1 (° = 97.80) and 62.6 
($ = 40.00) by Day and Avery (1970). It 
Appears, there re, that the Mean values ob- 
tained in the present experiments closely ap- 


Proximate the Previously Teported results, and 
can Probably þe 


l as confirmatory of 
these findings, These Values also corroborate 
the SUggestion (Day and Wong, 1971) that 
there is an essential difference between the 
laptic Perceptual mechanisms 
figure is Capable of evoking a visual 

in the horizonta] or the 


if placed 
placed in 


by 


ed Perception, Since, however, 


oth modalities 
, although not 
Stic; but, where- 
he illusory 
"is a function of 
/^& Day, 1969), in 
iit can be described 
al components of 


HAPTIC PERCEPTION OF THE HORIZONTAL-VERTICAL 
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THE HUMAN BODY AS STIMULUS OBJECT: 
ESTIMATES OF DISTANCES BETWEEN BODY LANDMARKS 


FRANKLIN C. SHONTZ! axb RONALD D. McNISH ? 


University of Kansas 


The Ss were exposed to varying degrees of objectification of the human body 
to test the hypothesis that features characteristic of responses to body stimuli 


are the product of direct body experience. 


Experiment I demonstrated that 


judgment of a mirror image of the self produces responses similar to those 


produced when the body itself is the stimulus. 


jectified body stimuli to determine at 


to those produced by nonbody objects. 


to body stimuli did not 
human figure. 


as human figures produce different 
nizable as human figures. 


appear when § 


Several investigators have suggested that 
responses to stimuli on the body differ 
from responses to objects in environmental 
space (Fisher, 1970; Fisher & Cleveland, 
1968; Shontz, 1969; Wapner & Werner, 
1965). The source of these differences has 
not been clearly identified, but investi- 
gators have generally assumed that central 
psychological processes, variously labeled 
body schemata, body i mage, and body concept, 
are responsible. 

Shontz (1969) found a stable pattern of 
error scores in Ss’ estimates of certain dis- 
tances on their own bodies: head width 
and forearm length were consistently more 
Overestimated (or less underestimated) 
than hand length and foot length. As com- 
pared to estimates of distances in environ- 
mental space, responses to body distances 
were more variable and less accurate over- 
all. Several of these findings have been in- 
dependently confirmed by Fuhrer and 
Cowen (1967) and Hester (1970), 


The following two experiments attempted 
to objectify the human body, that is, to 
make it more like an object in environ. 


mental space. The Purpose of objectifica- 
tion was to test the hypothesis that 


characteristic features of responses to body 
NER o ou os 
! Requests for reprints should be sent to F 
C. Shontz, Department of Ps 
of Kansas, Lawrence, Kansas 
* The second author was Supported in part by 


National Science Foundation Undergraduate Re- 
search Participant Grant GY 8921, ` 


ranklin 
ychology, University 


66044, 


Results support the revised hypothesis th 


Experiment II further ob- 
what point responses become similar 

Features characteristic of responses 
could not recognize the stimulus as a 
at stimuli recognized 


perceptual responses than stimuli not recog- 


stimuli are the product of direct body ex- 
perience. If that hypothesis 


is correct, 
these features will appear in responses to 


stimuli on the personal body but not in 
responses to other stimuli, however similar 
to the personal body they may be. 


EXPERIMENT I 


Method—The Ss were six groups of three men 
and three women each from an introductory course 
in psychology, in which participation as Ss in psycho- 
logical research was required. Each S estimated 
five body distances and the lengths of five nonbody 
stimuli under three experimental conditions. The 
body distances were selected from a longer list of 
stimuli used in previous research (Shontz, 1969, 
pp. 100-101). The distances employed in this in- 
vestigation were as follows: 

1. Head width—which was defined 
of your head across the temples, from 
above the tip of one ear on one side 
point just above the tip of the ear on 
side. (Judge the straight- 
these points.) 


2. Forearm length—which was defined as the 
distance from the point of your right elbow to the 
center of the bone bump at your right wrist, 

3. Waist width—which was defined as the width 


at your belt line on the 
ght through to a similar 
your belt line on the left side. 

hich was defined as the dis- 
where your right wrist joins 
your hand to the tip of your longest finger, your 


middle finger, (Judge the distance when your hand 
is outstretched.) 


5. Foot length—which was defined as the length 


of your right foot, from the back of your heel to the 
tip of your longest toe. 


Average actual bod 
I were: head width, 


as the width 
a point just 
to a similar 
the opposite 
line distance between 


y distances of male Ss in Exp. 
15.2 cm. (SD = .6); forearm 


i 
Y 


E 


len 27.0 c 3 
ice i5. eg! — 1.6); waist width, 26.7 cm. 
ae (SD = 14); 
body tal al cm. (SD = 1.5). Average actual 
width MB = of female Ss in Exp. I were head 
cm. (SD E d (SD = .6); forearm length, 26.8 
ene 3) v ist width, 23.3 cm. (SD = 1.3); 
em. (S. gth, 18.2 cm. (SD = .9); foot length 17.3 
SD = 1.0). 
meee sieh were 1.3-cm. diameter rods, 
Body zm ED r .3, and 59.9 cm. long. 
nately, atthough ody d Were presented alter- 
Presented first o l nds stimulus was always 
Beaton wi a therwise, order of stimulus pre- 
Bellas f was random and differed from S to S as 
The a condition to condition. 
ard: Ades experimental conditions were: 
Oiee. Ü Object-Oriented; and Mirror, 
NE a es Standard conditions, S was 
on the response sponte a ea 
Renee OWH e : so hat he could see directly 
Hder the Mi ody parts nor the nonbody stimuli. 
Niswed Ns ^ irror, Object-Oriented condition, AY 
Misi mself and the nonbody stimuli in a 1.52- 
tS is are mirror, 1.83 m. to his left and parallel 
d ERA plane (body drape in place). The S 
Seen in a to estimate appropriate distances as 
ES dit the mirror. Under the Mirror, Self-Oriented 
iin Si 5 was instructed to consult the mirror 
iue o his own body for purposes of stimulus 
i ification but to judge the distances on his own 
aM as he currently experienced it. 
dic hs "s were randomly assigned to groups, and 
ih Ne experimental conditions were presented 
Were erent orders to the six groups. Body distances 
and specified by verbal description. Rods were 
inded to Ss under the body drape. 
ee Ss provided estimates on an apparatus con- 
2 ng of a 3.2-cm.-diameter, 1.83-m.-long wooden 
ee horizontally, 24.1 cm. above a table, 
es a was 71.1 cm. high, 1.83 m. wide, and 53.3 cm. 
EO on the rod were attached to the 
ited um elements of a traverse rod and were manipu- 
ro y S, „who pulled ropes extending from the 
one ers to his hands, under the body drape- Pulling 
705 rope separated the pointers; pulling the other 
Bue brought them closer together. The S was 
CAS move the pointers back and forth until 
t lie. ied with the setting of the pointers; E returned 
Tod E to a closed position in the center of the 
MS recording each response. A screen pre- 
iren S from seeing E while data were recorded. 
te: research had established that response 
nas a ics are not affected by S's use of his 
emplo een he pointers and that the procedure 
SHORE in this experiment provides reliable data 
z, 1969). 
Binet ee distance on the personal. body vary 
only in Pa E magnitudes were interpretable 
NINE to measures of individual body 
Scores, ecd ne Das data were therefore percentage 
Stimulus len ane ae expressed as a percentage of 
"cted on "gt h. Statistical analyses were also con- 
Stimulus „Taw error scores (response size minus 
: stment for vai atio s in 


TIMATION OF DISTANCES BETWEEN 


TABLE 1 


BODY LANDMARKS 21 


PERCEN Scores ror Bopy D Š 
= ISTANCES IN 
EXPERIM I COMPARED TO SIMILAR DATA FROM 
Previous RESEARCH 
| Exp. I Previous 
Body part 
M SD M SD 
E 
Head 127.04 17.9 121.8 17.6 
Forearm 118.01 13.3 114.5 20.1 
Waist 126.32 12.7 116.2 17.0 
Foot 97.20 13.8 96.6 11.5 
Hand 100.69 13.5 93.3 10.4 


stimulus sizes 
outcome was un: 
because percentage scores 


research, only analyses based on 
are reported below. 


Results —In 
variance that resulted fi 
Exp. I, only two terms we 
conditions, F (2, 48) 


stimuli, F (9, 216) = 23.54, 


Mirror, Object-Orie 
lower percentage Scores 


100/75 SDS 22.9) than did 


Ce 


Oriented C 
Sex differences 
orders of administr: 
t, either a 


tions. 


among 
were not significan 
or in interactions W 


105.1 


analysis. 
The difference between 


combined body stimuli (113. 
bined nonbody 


and the ! 
stimuli (94.3; SD = 23.9) 


48.3% of the total v: 
ion among me 
for 40.2% of the 


Variat 


accounted 
among stimuli. 
for nonbody 


11.4% of the tot i 
tion of means for body stimu 


SEES 21.6) or 


ith othe 


mean for con 


Variation 


The distribu 
shown in Table 1, follow 
pattern described previous 


(1969, P- 236). 
length wer 
compared 


(Wais 
possib 
ences. 


t wi 


le interest as a source of se 


See 


to hand and 


idth is included because O 


Shontz, 1969.) 


nted condition yielded 
overall (X — 


e relatively overestim 


by analysis of covariance. Because 
affected by mode of analysis, and 
have been used in previous 


percentage scores 


the complex analysis of 
rom the design of 
ere significant: 
= 2244, p < 01, and 


p< or The 


the Standard 
Mirror, Self- 


X = 106.4; SD = 22.7) condi- 
and differences 


ation of stimuli 


s main effects 
r terms in the 


the mean for 
8; SD = 14.7) 


accounted for 


ariance among stimuli. 
ans for body stimuli 


total variance 
among means 


stimuli accounted for only 
al variance among stimuli. 


li, 
s the general 
ly by Shontz 


Head width and forearm 


ated as 
foot lengths. 
f s 
x differ- 


| 


N 
to 


Results were unchanged when d 
only the condition presented 
group were analyzed. The findings are 
therefore not a function of the use of re- 
peated measures in the research design, 


ata from 
first to each 


Discussion.—The 
firmed the hypothesi 
distances on the body 
teristics, whether Ss 
directly or saw their 
mirror. The sample 
estimated in compa 
nonbody stimuli. Variability 
Scores was greater among bod 
among nonbody stimuli, 
were consistent with thosi 
research. 


first experiment discon- 
s. Errors of estim 
displayed simil 
judged body 
bodies as obj 
of body stimuli 
rison with 


ate of 
ar charac- 
distances 
ects in a 
was over- 
the sample of 
of percentage 
y stimuli than 
and error patterns 
€ found in previous 


at 


point 
; each Progressively 
Personal body, the charac- 
ould fail to appear, 
Y, one of the Zs (are 


tances on F's body. 
pattern of percenta, 


M.) asked 
The same 


EXPERIMENT II 


sae M 
ditions, Fiv 
administered in 
elf-Oriented 


uli were 
Manner 
Condition 


ental con. 


Wooden rods, 14.6, 
stimuli we, 


"ther distances on 
Wings Constructed to 

n body. Variations 
it *Xperimenta] 
Servation 


condition, g 
the o 


judged 


a person of PPosite sex i 


Same-Se 
Im 


X, 


Mirror-Image and | Other-: 
age conditions, S viewed 
person in the mirror used in 
requirements, 
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Mirror- 


i imulus 
an appropriate mW. 
Exp. I. To fulfill t a 

xp. n 
Ss were brought to the laboratory 


rj 
] : or as well à: 
pairs and served as stimuli for each other as 

respondents. 


judged sat in 
1.83 m. from 
but gross movemer 

In the Sam 
estimated distances 
of a standing figure 


Othe 
dist 
figure of 


condition, 


drawing 


the 


with 


EX, Outline-Drawing 
ances on a ful] 
Opposite sex, 
S estim 


vere 
Persons whose body distances Me 
an armless, straight-backed ca i 
S; rigid posture was not req . 
it of body parts was not permit 
Sex, Outline-Dr. ng condition, z 
on a full size outline dM 
of the same sex asthe S. In vi 
condition, .S estimate 4 
€ outline drawing of a standing 
In the Abstract F igure 
ated distances on a robot-like 
a contour of straight lines, but having 


only vaguely human characteristics (Fig. 1). In 
the Dots condition, .S estimated distances between 
chalk marks identified by letters of the 4 phabet. 
The dot 


and 


5 were located 
letters in F 
from the d 
portable chalkboard 
placed on 
Distances 
length, wa 
Were similar in all 
mated averag 


actual body 


head width 
26.9 cm, 


= 2:5); 


length, 2 
istances for fem 
14.9 cm, 


Were the 


ig. 1, but con 
rawing, 


corresponding 
list width, h 


(SD 2.5 


group: 


dy stimuli w 
Ne stimulu 


same 


Results — 
between or 


€ distances 
distances of m 


as anal yzed 


at positions identified by 
necting lines were omitted 
All drawings Were prepared on 
5, removed from their stands, 
edge before the covered mirror. 
to head width, forearm 
and length, and foot length 
drawings (Table 2) and approxi- 
on Ss' own bodies, Average 

ale Ss in Exp. 


II were: 

» 15.5 em. (SD = 5); forearm length, 

(SD = 1.2); waist width, 26.6 cm, (SD 

hand length, 19.0 cm. (SD = 1.0); foot 
6.0 cm. (Sp — 1/4 i 


ale Ss in Exp, 1] Were head width, 
22.5 Cm. (Sp 
= 1.0); foot 


= 1.7); 
length, 23.1 


stimated Person 


ted ex 
On oth 


al body distances 
Perimental stimuli 
Cr persons’ bodies) 
ere administered in the 
S Series to al] Ss. Basic data 
as those in Exp. I, 
€ .. 
Sex differences 


and differences 
ers of 


ation of stimuli 


ler terms in the 
Nificant at the 01 level 
variance Were stimuli, 
^, and the Stimuli 
tion (84, 384) 


F 

: wf r - 
"IS Critica] to the inter 
Ings, 


intera 
atte 


influence of experi- 
Percentage scores: 
p Scores within each 
into three com- 
Component was the 
or by differences 


ESTIMATION OF 
TIMATION OF DISTANCES BETWEEN BODY LANDMARKS 


Fig 
- 1. Abstract figure used in Exp. Il. 


amo 
w OnT se 
scores for personal body parts. 


le 
Rotana component was the variance 
for Pot Na by differences among scores 
. Revenge defined each of the eight 
a Dent yw. at conditions. The third com- 
'fereng as the variance accounted for by 
Wooden es among scores for the three 
Judgeq ds. the lengths of which were 
da ls. a all Ss in all experimental con- 
hie i gu. oe of the data showed 
neno Mental easible to combine the eight 
dir t) into im conditions (second compo- 
bea: and - groups: other bodies (both 
(aber? And a the mirror) ; drawings © 
Wyact and "S e E drawings 
IR te fes dots figures). 
sponses to other bodies or to 


Senta,; 

at : 

ions of other bodies parallel 
ances 


ly 


Dre 
Tes 


amo, Ses 

H to : 

Ong Stim na personal body, var! 
uli are expected to be relative 


23 


TABLE 2 


uU. Dista «CES. (IN CM.) ON PREPARED 
DRAWINGS IN EXPERIMENT lI 


Distance | Outline | Outline | Abstract} ected 
itane | Outline | Quing, |Apatract| need 
s 
Head width 16.6 7 
B 14. 
Forearm length | 24.6 336 | nd ate 
Waist width | 254 | 201 | 247 | 247 
Hand length 19.3 174 177 177 
Foot length 248 | 207 | 25.0 | 250 


high. The first column of data in Table 3 
shows that the percentages of variance 
accounted for by differences among scores 
for stimuli on the personal body is uni- 
formly large. The second column of data 
shows that the percentages of variance 
accounted for by differences among stim- 
uli within experimental conditions drops 
markedly as conditions become more ob- 
jectified (less recognizable as a human 
body). The third column shows that the 
variance accounted for by the wooden rods 


is uniformly low. 
With this sample of stimuli, average per- 


centage scores of responses to distances on 
the body are expected to exceed average 
percentage scores of responses to nonbody 
objects. Table 4 shows that average per- 
centage scores decreased and became more 
accurate (approached the value of 100) 
as stimuli became more objectified. 

To establish the extent to which per- 
centage scores conformed to the expected 
pattern under each condition, index values 
(Shontz, 1969, p. 185) were calculated and 
compared. The sum of the percentage 
scores for hand length and foot length was 
subtracted from the sum of the percentage 
scores for head width and forearm length. 
A high positive value indicates conformity 


TABLE 3 


or VARIANCES ACCOUNTED FOR BY 


or DIFFERENT 


PER 
DIF S AMONG STIMULI 
TYPES IN EXPERIMENT II 
r ersona Wooden 
Experimental cond. Beene Que | rods 
Other bodies — .. 440 | 43.6 14 
Drawings of bodies 582 | 313 A 
Nonrepresentational 
drawings 52.6 11.4 3.9 
Note.—Personal body distances and lengths of wooden rods 
in all conditions. 


were judged by all Ss in 


24 


TABLE 4 


MEAN PERCENTAGE SCORES For Bopy DISTANCES 
- AND OTHER STIMULI IN EXPERIMENT [I 


Ne M 
istic | Personal | Othere | Draw: | resentas Wooden 
Statistic | = ody | bodies boii EUN rods 
Ve 114.5 | 111.5 | 111.7 103.6 101.6 
SD 21.5 17.4 23.7 21.8 13.0 
N 64 32 16 16 64 


Y i ypes z ight i ler 
Note.—Stimulus typesare arranged from left to right in ord 
of increasing objectification. Personal body distances and 
wooden rods were judged by all Ss, 


Stimuli in other columns 
were judged by Ss assigned to partic 


ular experimental groups. 


of results to the expected pattern. Table 5 
shows that differences between average 
index values for personal body distances 
and for experimental (other) stimuli in- 
creased as stimuli became less like the 
human body. The difference was statisti- 
cally significant for nonrepresentational 
drawings, F (1, 15) = 23.26, p < .01. 


CONCLUSIONS 


The two experiments disconfirm the hypoth- 
esis that response characteristics, typical of 
estimates of distances on the personal body, 
occur only as a result of direct body experience. 
They also appear in estimates of distances on 
mirror images of the personal body 
mates of distances on the bodies 
(viewed directly or in the mirror) and in esti- 
mates of distances on two-dimensional draw- 
ings of the human figure. 
Location of stimuli 
unlikely explanation of 
viewed themselves and other Persons in a sit- 
ting Position, but drawings of bodies were pre- 
sented with the figure j 
yet results were quite sj 


; in esti- 
of others 


in space Provides an 
these results, The Ss 


TABLE 5 


S FOR PERSONAL B 
AND OTHER STIM ULI 


INDEX VALUR 
ALUR: ODY DISTANCES 


Personal 


Other 
Experimental cond, Body 3s 
[TP Ed ee 
M SD a£ | sn 
Other bodies 46.06 
Jrawings of bodies 5408 21 1 Ai 
h onrepresentational na F wy 
drawings 48.96 24.6 | 21,49 19.7 
Note.—Index value = (| 


(hand length + fe 


(head width + fore: 
* Difference he! 


oot length), 


arm length) — 
tween means 


significant atf <o, 
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stimuli, Furthermore, the points on the non- 
representational figures corresponded in spatial ^ 
location to body stimuli, but responses typical 
of those to body stimuli did not appear when 
these configurations were administered. Con- 
tour alone also provides an unlikely explana- 
tion, since the abstract figure was contoured, . 
but was not responded to as were bodies or ob- 
vious representations of bodies. 

Recognition of the stimulus as a human body 
does seem important. After data were col- 
lected, appropriate Ss were asked whether the 
abstract figure looked like anything recogniz- 
able to them. Only two out of eight who saw 
the figure mentioned à resemblance to a human 
body ; both remarked that the resemblance was 
weak. Neither had noted any similarity of the 
figure to a human body while providing dis- 
tance estimates, and data from these two Ss 
were in no way remarkable or different from 
data provided by others in the same group. 
The rest of the Ss identified the figure as a 
building or said it had no meaning to them. 

The results are consistent with the revised 
hypothesis that recognition of a stimulus as a 
human body activates cognitive processes 
(probably derived from personal body experi- 
ence) and produces perceptual responses that 
differ systematically from those that occur to 
stimuli which are not so recognized. Discon- 
firmation of this hypothesis requires demon- 
strating that Characteristics of responses to 
recognized body stimuli also occur when stimuli 
Possess important physical features of the 
human body but are Not interpreted as being a 
body by S. In Exp. II, these conditions failed 
to produce response i 
produced — by readily 


A recognized 
configurations, 


body 
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HEMISPHERIC ASYMMETRY: 
VERBAL AND SPATIAL ENCODING OF VISUAL STIMULI 


1 


GINA GEFFEN, JOHN L. BRADSHAW, axp NORMAN C. NETTLETON 


while investigating hemispheric s 
name were responded to more qu 
visual field, whereas m 
were presented in the left visu 
hemispheric transfer of inform 
in their processing capacities 
expectancies were found to be minima 
changed little 
would be stimulated. 
physical matches was greater when Ss 
match would be required. 


>, 

ie ganer and Mitchell (1967) have studied 
pecans verbal encoding of stimuli in a 
JR ifferent reaction time (RT) task and 
Physics that when a pair of stimuli are 
is al cally identical (e.g. AA), the response 
RG. pout 70 msec. faster than when the 
in ae share the same name butare printed 
tio Werent cases (e.g, Aa). The projec- 
» of stimuli which require a name match 
io) to the right visual field (RVF), and 
Would to the left (language) hemisphere, 
tha be expected to produce faster RTs 
dn when the same stimuli are projected 
Rene left visual field (LVF) and hence to 
and Eu hemisphere. Geffen, Bradshaw, 
Verl allace (1971) have found that non- 

zou stimuli, such as faces, were processe 
Ly er when presented for matching to the 
Conversely, verbal stimuli, which 


| 


Differences in response time between phy: 
pecialization. 
ickly when they were presented in the right 
atching was faster 
al field. The 
ation or asymmetry 
for different tasks. 
1: visual field d 
whether S knew in advanc 
The advantage O! 
did not 


Monash University, A ustralia 


al and name matches were studied 
Stimuli which had the same 


when physically identical stimuli 
se differences could reflect inter- 
between the hemispheres 

The effects of varying 
ifferences in response time 
or did not know, which hemifield 
al field in processing 
ame or physical 


e, 
[ the left visu 
know whether a ni 


in interpreting their findings is in deciding 


whether the memory set is stored in the 
left or right hemisphere, or in both. Fur- 
thermore they used a 400-msec. exposure 
interval for the test stimulus, which makes 


its hemispheric location difficult to define. 


It would seem necessary to minimize the 
s and 


contribution of both eye movement: 
memory in order to investigate perceptual 
asymmetry. Egeth (1971) found that with 
unilateral presentation of circles and squares 
a same-different RT task there was no 
1 field difference. However, half of his 
left hands and showed a 
in favor of the LVF, 
who used their right 
hand showed a 1-msec. difference in the 
opposite direction. On repeating the ex- 
periment with interspersed trials of bila- 
terally presented stimuli, Egeth subse- 


in 
visua 
Ss used their 
19-msec. difference 


whereas the group 


Tequired į 

luired identification, were rocessed more muli, Eget! à 
2o Ruickly B onte in us RVF. quently found that within trials involving 
i i ned in a unilateral presentation, stimulus pairs pre- 


imilar results have been obtait 


sented to the LVF were processed signifi- 


Memory-scanning task by Klatzky (1970) 
nu Kiatzky =a oo (1971). Cn) cantly faster, bY 60 msec., and interpreted 
(M ted faster processing by the right these results in terms of implicit post- 
"Sphere of test stimuli requiring à exposural scanning. However, both sets 
left hemi- of results would appear to support right 
eriority for processing non- 


ati 
al match and, conversely, 


stimuli which 


D e 
lere superiority for test 
One difficulty 


Tequi 
i : 
red verbal processing. 
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n 


hemisphere Sup 
visuospa 
hemisphere super 
uli has proved more elusive than 
here dominance for speech and 
It could be argued 
of facial stimuli 


tial material. 


verbal, 
jority for non- 


Right 
verbal stim 
left hemisp 
language functions. 
that the faster processing 
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directed to the right hemisphere is depend- 
ent on the matching aspect of the task 
(Geffen et al., 1971), whereas identification 
produces left hemisphere superiority. A 
same-different RT task which investigates 
both verbal and visual (spatial) encoding 
with similar material and of comparable 
complexity is required to elucidate the 
basis of the right hemisphere superiority 
for matching faces, 

Laterality effects might also be accounted 
for by attentional bias rather than percep- 
tual asymmetry (Oxbury, Oxbury, & 
Gardner, 1967). Myers (1970) draws a 
distinction between voluntary and involun- 
tary control of the direction of attention. 
If right-handed Ss attend voluntarily to 
the right ear or RVF in the absence of 
instructions to behave differently, then 
knowledge of which 
would be stimulated 
laterality effects. 
that attention is 


ear, contralateral 
nt for the class of 
vould be the RVF 
muli and the LVF 
suospatial and musical 
S that might underlie 
and their effects 
rne (1970). This 
increased laterality 
nows which side wil] 


ether a name Or a 
1 1$ required, or both. 


The 
Present experiment tested the effects of 
expectancy on lateral asymmetry i 


vious experiments (P. 
letters were deliber, 
case letters were without taj 
and were also dr: € sa Hin m 
E same Size as the uppercas 
m E ie considered "portant that muti: 
8 not be fa ei / à possi ; de Ti 
letters uela m posite size cue. The 
width 10 mm., 


a height of 12 mm., 
aid a ness 2 mm, Photo- 


two adjacent letters were 


‘ately o that the lower- 


* same size, 
iwn th 
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( 
| 
pasted on cards. The angular separation betwen 
the fixation point and the center point Sanvean i H 
two letters was 2.75° and each stimulus DIE si 3 u 
tended a visual angle of 1? at a viewing distance 
e task was to judge whether a pair of WU 
tachistoscopically presented, was the same or di 


| 
ferent. A pair of letters could be judged “same 


if they were physically Me eye E aa) or if they 
vere ? same in name only (Aa). ^ z4 
` po were presented in a three-channel scienti 
Prototype tachistoscope, Model GB. ws 
was matched on two fields and checked bya Salfor : 
Electrical Instruments spot photometer, It was 
kept constant at 137.0 cd/m*. A fixation point E 
the center of the preexposure field was present at à 
times except during presentation of a stimulus pair. 
À warning tone (1 kHz. 
500 msec., and was 
stimulus pair which w 
either to the left or th 
the stimulus pair trigg 
was stopped when S 


and 30 db.) sounded for 
immediately followed by a 
yas presented for 150 msec. 
e right of fixation. Onset of 
ered an electronic timer which 
pressed buttons on the response 
panel in front of him. Both hands were used since a 
bilateral re onse made it more likely that both 


hemispheres were in control and response asymmetry 
would therefore be minimized, 


placed on the two buttons clos 
digits on the two buttons further away. The S 
depressed the closer buttons (forefingers) if he 
thought the two letters were the same and the other 
two buttons (third digits) if he thought the two let- 
ters were different, Depression of the first key stopped 
the timer, but Ss were informed thata simultaneous 
response was necessary, Whether the left or right | 
digit led was not monitored, AJ] Ss held their hands 
palm down with elbows on a table and 
fingers resting on top of the buttons, 

There were three conditions, In the first, SAME 
Was defined as a pair of letters that were physically 
identical (eg. AA), and Ss were told that letter? 
Which were si nilar in name only (Aa) would neve" 
be presented, In this series of purely physica 
matches, there w alf of which require’ 
a SAME response, and the other half a DIFFEREN 
LUE Lee. p ulus pairs occurred in p 
a a The same and DIFFERE? 
items of occurrence were pseudoran 

" constraint th 
roduce serj 
the left 


"The forefingers were 
er to S and the third 


appropriate 


at any repeateC 
al repetition effect? 
as on the right. -NT 
SAME and pirrEREN? 
ally often, that stimuli were 
the left as on the right, an 
tation was random. 5 
The second Condition was duh all respects 
FXCODU that SAME was defined as a pair 0° 
ving the same name (Aa), and Ss ye 
hat letter Pairs which were physically identict 
Would never pc Presented. The third condition wa? 
a mixture of the first and second. The same num i ( 

i but half of the SAM] 
cally identical (as weh ile 
ne name, e.g., AA), w^ 
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the rest of the same trials were similar only in 
name (Aa). g 
M three conditions described above were also 
ete a second time. However, instead of 
GERA "EHE the side of presentation of stimulus 
a As pa ag were presented on the left, then 48 
M Eo i 3 in blocks. Half of the Ss received 
ed the presentation first, and the other half re- 
Eiern randomized side of presentation first. 
right; heca the blocked presentationon the 
Eie alten s us left and right sides of presentation 
Biliced c ios in bloc of 48 trials. The third, 
dea em whether it was randomized or 
ed E 1 respect to side of presentation, always 
m tue other two conditions, physical and 
Matching. If it had preceded the pure condi- 


lons expec A a M 
phys} 5 expectancies for either name matching or 
He pus matching might have been prejudiced. 


m ce 5s received pure pl cal matching first 
D teen E oe her half pure name matching. first. 
1 CHER trials preceded each condition. ; 
d ae mia (Ikegam ishinki Co.) fitted with 
Was pl m, ens together with an extra meniscus lens 
MS in the third field of the tachistoscope. 
and a ‘git mirror, located in front of the lens, 
stima of S's line of fixation to the other two 
image us fields of the tachistoscope, reflected the 
l Of S's left eye through 90° into the camera 


ens, p r | 
lamp The S's eye was illuminated by a tungsten 
cell? whose emitted light was cooled by a water 


7.9 mm. thick) and passed through a translu- 
White diffuser (12.7 X 10.2 cm). Th 
à diffuse illumination of 683.2 cd/m’. 
is not illuminated continuously, but merely 
cae immediately preceding the warning 
stant, ease S s response. The Ss maintained a 
ms jag position by leaning their foreheads 
qs pude attached to the tachi stoscope and 
e their chins on a chin rest. The boundary 
the Ty ese of. s was marked on the screen of 
Den Shien (Astor, Model VM8B) with a felt 

EAE e he fixated the central fixation point. The 
deno itor magnified the iris threefold. A 3-mm. 
D ton on the screen was reliably detected. The 


bay. 2¥8 restored 5's position after any rests or 
auses, 


Dac 


| tai S an error, or his RT exceeded an arbi- 
Waso "d limit of 1 sec., or if a lateral eye movement 
es Served on the I V monitor during a trial, then 
D A discarded. If discarded items 
tion, the 6% of the total number of trials per condi- 
The i Y were repeated at the end of that condition. 
Same DOS were given in a sequence with the 
Ware Frat as the original, and Ss were not 
Start " s they were repeating errors. At the 
cithe an finish of the experiment, Ss were given 
magnitude S RT or calibration trials to sess the 
Ween qq 3 of any differences in response times be- 
Onsisted , second and third digits. 

A light oi "d stimulus pairs presented. to the left or 
J} vis Ww ixation ; on half of the trials the letter 
i ere physically identical, the other half being 
The Ss were told prior to the presentation 


These trials 
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of each stimulus pair whether a SAME or DIFFERENT 
response was required. 

The Ss were tested individually by two Es, one 
of whom changed stimulus cards while the other 
noted RTs and started the cycle for each trial. 
The second so monitored the TV screen. The 


entire experiment took 4 hr. to perform, each S 
being tested in hourly sessions, run usually on 4 


close left-handed relatives were employed. There 
were 6 males and 6 females. They were paid under- 
graduate volunteers who were without uncorrected 
visual defects. Each S was first given an acuity 
test using a Bausch and Lomb orthorater for near 
and far vision, with left and right eyes tested sepa- 
rately. None of the 12 Ss had more than two points 
difference between eyes for both near and far vision. 
This pretest was used to control for any possible 
contaminating effects of eye dominance on laterality 
differences. 


RESULTS 


A t test for correlated samples showed 
that the differences between mean RTs 
for the second and third digits during the 
calibration trials was not significant, / 
(11) = 1.5, p > .05. The mean RTs sum- 
med across Ss were 307.9 msec. for the 
second digit and 295.5 msec. for the third 
digit. This is in contrast to the finding 
of Bradshaw and Perriment (1970) that 
the second digit was faster than the third. 
However, their Ss were responding unilater- 
ally and with their fingers in a left-right 
orientation. The up-down positions of 
the fingers in the present study probably 
allows greater leverage for the third digit, 
thus reducing the difference in RT between 
them. 

Table 1 shows mean RTs summed across 
Ss and blocked and randomized side of 
presentation, which were shown not to 
differ. A five-way within-Ss analysis of 
variance was carried out on the data for 
the pure physical- and pure name-matching 
conditions. A similar analysis was per- 
formed on the SAME responses only, in 
both the two pure and mixed conditions. 
Finally, a four-way within-Ss analysis of 
variance was done on the different responses 
in the pure and mixed conditions. 

Visual field differences.—1t was predicted 
that name matching would be faster when 
these stimuli were presented in RVF, while 
letters to be physically matched would be 


b 
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TABLE 1 


MEAN REACTION TIMES FOR 12 SUBJECTS SUMMED 
-Across BLOCKED AND RANDOMIZED SIDE OF 
PRESENTATIONS SHOWING VisuAL FIELD 


DIFFERENCES 
Cond, C EE LVF RVF L-R 
Physical 
jus one 535 547 = 
Different | 601 613 —12 
Name 
Same 680 657 23 
Different 717 687 30 
Tixed | Physical 
Mie Siue 509 540 —31 
Name s 
Same 641 626 15 
Different 644 656 12 


Note.—LVF = left visual field; RVF = tight visual field; 
L-R = LVF minus RVF., 


responded to more quickly when projected 
in LVF. Hence the Visual Field X Physi- 
cal or Name Matching interaction must be 
examined. In all three analyses, this inter- 
action was found to be highly significant; 
for the sar responses at F (1, 11) — 12.25, 
P «.01. For the pure conditions (SAME 
and DIFFERENT responses), the Visual 
Field X Physical or Name Matching inter- 
action was significant at 7^ (1,11) = 11.83, 
P < .01; the similar interaction for dif- 
ferent responses was Significant at F (2, 22) 
= 11-18) p< 001. 
each S for the left 
stimuli for physical 


physical 
i conversely 10 of 12 
mean RTs for name matches 


in RVF, 

Different res 
tions were exa, 
direction of th 
these RTs was not predi 
Were processed more 
sented in LVF, 9 of the 12 Ss showing a 
difference in this direction, while the other 
3 had faster RTs for the i 
The advantages of the R 


matching and the LVF for p 


Ponses in the mixed condi- 
mined Separately, since the 


quickly when pre- 


VF for name 
hysical match- 


ing are stable. There is a lack of significant 
interaction between visual field and SAME 
Or DIFFERENT response, F < 1.0; and be- 
tween visual field and blocked or random- 
ized side of presentation, F (1, 11) — 1.98, 
p > .05, for analysis of same responses ; 
and F < 1.0 in the analysis of DIFFERENT 
responses. The LVF superiority for physi- 
cal matching of sAME stimuli (AA) is 
greater in the mixed than in the pure condi- 
tion (31-msec. difference compared to 12- 
msec. difference), and this Visual Field 
X Pure or Mixed Condition interaction 
was significant, F (1, 11) = 5.15, p « .05. 

Errors were analyzed in the same way as 
RTs. There was no significant difference 
between the left and right visual field in 
the error rate; 6.5% and 6.9%, respectively, 
F < 1.0 in all three analyses, 

Physical and name matching.—Physical 
matching was significantly faster than 
name matching: in the pure conditions, 
F (1,11) = 126.44, p < .001. Letter pairs 
which were physically identical were 
matched 127.6 msec. faster than those 
Which were similar in name only. Different 
items were likewise processed more quickly 
(by 94.5 msec.) in the pure physical- , 
matching condition compared to the pure 
name-matching condition. For SAME re- 
sponses in the mixed condition, the physical 
matching was 109.2 msec. faster than name 
matching, F (1, 11) — 18.81, p < 01. 
The DIFFERENT RTs in the mixed condition 
(mean RT = 650 msec.) were faster that 
those in the pure name condition (mean 
RT = 702 msec.) but slower than the RTS 
to DIFFERENT items in the pure physical- 
matching condition (mean RT = 607 
msec.). This main effect was significant, 
F (2, 22) = 49.69, p < 001. 

There were significantly more errors and 
long RTs during name-matching than in the 
physical-matching conditions. This was 
true for all 12 Ss, and all three analyses 
For the pure conditions, F (1, 11) = 26.95, 
P < .001; for the SAME responses (pure an 
mixed); Roy = 32.36, p < .001; an 
the DIFFERENT responses, F (2, 22) 
= 20.34, p — .001. For SAME n d 
(pure + mixed) which were name matches, 
the error rate was 9.907. compared to 3.5/6 
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for physical matches. Similarly, the error 
ie for different items was 5.3% during 
ate _matching, E 8% during physical 
ee: and 2.75% in the mixed condition. 
EN o DINFERENT RT. —The SAME 
Ee were significantly faster than dif- 
ponses by 50 msec. (pure physi 

b ome matching), FE CL. 11) 2:27: 
ot Re s Phe Type of Matching X Type 
Nr ponse interaction is significant, F 

a aoe p < .001. This might be 
m MET E difference between SAME 
VEM S E 1 R I's for name than physical 
3 co S msec. compared to 66 msec.). 
eror rate [4 no significant difference in 
shone jetween SAME and DIFFERENT 
F ses (6.7% and 6.5%, respectively), 


E 


; 7 
ED = 221, p.05. This may rep- 
AN ack of strong response biases. 
quences aa mixed conditions. —The se 
and zn which contained both physical 
Pure (um matches were presented after 
Such Pi ysical and pure name matching. As 
A n ln mixed stimuli received faster RTs, 
Physic. P = 15.36, p < .01. Responses to 
mixed * y identical letter pairs in the 
msec, menm were, on the average, 16.2 
tion, CIN than those in the pure condi- 
larity pes matching based on name simi- 
i aie vas an average of 34.6 msec. faster 
B mixed condition than in the pure 
e adition: These differences are 
ORAR across Ss, all of whom responded 
O icky to same items in the mixed 
dition, 

cantis Sal rate was slightly, but signifi- 
Conditi ower in the mixed than in the pure 
5.5 , ons for same responses (7.9% and 
Posner respectively), F = 6.54, $ < .05. 

Neral and Mitchell (1967) have shown a 
aNd) ey. oe in RTs with mixed lists 
noc p ained this in terms of the increase 
list : Tall difficulty of the task with mixed 
ie he findings here may indicate that 
tactice culty of the task decreases with 


an 
The s and blocked side of presentation.— 
f MSS E effects of type of presentation 
yate m Significant, F « 1.0 for both the 
A Mixed) tions and same RTs (pure 
A analyses, and F (1, 11) = 3.49, 
or the DIFFERENT RTs analysis. 


There was a significant Type of Matching 
(pure, name, or mixed) X Type of Presen- 
tation interaction for the DIFFERENT items, 
F (2, 22) = 4.33, p < .05. This was due 
largely to the faster RTs to DIFFERENT 
items during random rather than blocked 
presentation in the mixed condition. The 
mean RTs summed across Ss were 624 
msec. and 678 msec., respectively. Nine 
of the 12 Ss showed this pattern of response. 
During trials blocked for side of presenta- 
tion, it was stressed to Ss that they should 
maintain central fixation especially during 
the warning interval. This requirement 
might have caused the paradoxical increase 
in RTs. None of the interactions with 
blocked or randomized side of presentation 
were significant. There was no significant 
difference in error rate between the two 
types of presentation (7.3% for blocked 
and 6.0% for random); F < 1.0 for both 
the pure conditions, and sAME responses 
(pure + mixed) ; and F (1, 11) = 3.63, b 
> .05 for the different responses. 

Eye movements.—The occurrence of eye 
movements was rare, 5% in the total 
experiment. They were evenly distributed 
between the visual fields, 18 occurred prior 
to LVF stimuli and 19 before RVF stimuli. 
There were 21 eye movements during 
blocked presentation and 16 during ran- 
domized side of presentation. The overall 
occurrence was too infrequent to reveal 
statistically significant effects. The rarity 
of eye movements indicates that Ss do 
fixate centrally when this is requested. 


DISCUSSION 


Perceptual asymmetry between the hemi- 
spheres has been confirmed. Letter pairs 
which were similar in name were processed 
faster when directed to the left, language, 
hemisphere. The mean visual field differ- 
ences in RT (about 20 msec.) were very similar 
to previous findings (Geffen et al., 1971). 
Conversely, physically identical letter pairs 
were processed more rapidly when presented 
to the LVF and thus to the right hemisphere. 
On the other hand, Gazzaniga (1970), in a 
preliminary report, found faster name match- 
ing with stimuli in the RVF but no visual 
field difference with stimuli which were to be 
matched physically. 
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These visual field differ 

^ evidence for he : 
Vote. left, language hemisphere processing 
name matches, and the right, Spatial hemi- 
Sphere processing items which are physically 
identical. The increase in RT when name 
matches were presented in the LVF and 
physical matches in the RVF may be the result 
of transcallosal of information, 


t, and therefore 
rbal material by the 
visuospatial material 
It has recently been 
transcallosal transmission 


ences may be inter- 
mispheric specializa- 


White (1971) has challen 
dominance explanations 


erences 
in visual perception. He found that Tecogni- 
tion of single English ca S 


these were presented in the 
found RVF su 


à a single line White Suggests 
that “for certain classes of stimuli visual 
laterality differences may | 


Selective c, 


mechanism [p. 207]." 
ndings may w 


me orientation, 
have shown that 
faster RTs in th 


Filbey and Gaz 
a vocal respons 


e detection of the presence or 
absence of a dot when this į i 
RVF s 


$ e dot-detection 
task yielded no visual field differences, Al- 


though White (1971) did not measure RT, it 
may well be that when a signal is directed 
the right hemisphere it has to be tr; 


to 
to the left hemisphere fori 


ansferred 
the vocal 
loss or 

across 


" d Processin 
identical st 


€ finding of faster 
uli when the: 


n s visual 
the right hemisphere i 


The complete lack of significant interactions 
between blocked or 
tion and visual field i 
edge of which side 
neither 
metry, 


ndicates that S's knowl- 


will receive the stimulus 
Increases nor decreases lateral asym- 


This means that attending to the left 
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; v une 
or right, with visual presentation, doc s o ita 
in the contralateral hemisphere (c We. 
bourne, 1970). The second manner of bu. 
lating S's expectancy involved db. 
ing pure name matching or phy A auld EN 
or using mixed presentation where S c 
predict whether a m 


-sical of | 
atch based on pu in 
ire n 
name identity would be required. 


= re d 
one instance did this manipulation ie f 
significant effect on visual field ice. 
RT. In the mixed condition, the LVF sup 
iority for matching on 
identity was more ma 
condition. The increased 
tainty in the mixed conditi 
more apparent shar 
by the two hemisp 


3 e ied : »viden 
different functions, hus there is no evide? 
for increased 


2 ide. 
i site 517 4 
attention to the oPremispher® 
when a Cognitive sot Proper to one her 


j} ed 
the basis of phys 
ed than in the a 
stimulus un 


roduce 
on mayMpro ae 
ing loa 


ing of the processit M 
heres, each specializing a 


vn! 
: ateral asy 
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metry is increg 


ised 
name 


match is exp 
As in previous 
chell, 1967) 
longer th 
identity, However, s ME 
faster than DIF 


when either a physi 
ected, . 
Studies (e.g., pape 
; name matching took signi ys 
an matching on the basis of P suall ] 
hen the 
cem 


cal 


responses are 
ENT responses only W ae 

letters to be matched are presented n 

Sively, not simult (e.g. wo 

Morin, 1969; Nickerson, 1965, 1968). i 

and Mitchell (1967 

erences in RT 


aneously 


have suggested pae 
between same and DIRE a 
responses may be dependent on the part tha 
Population of mat It is likely 

the use of u 


erials used. 


-5 0 
ers 
Ppercase and lowercase UL 
the same Size in the present experiment i 
Increase the time 


^ 
a 
taken to respond to à Pa | 
of different stimuli, merely because a size 
has been climinated, z that 
The results of this experiment suggest ing 
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SORY AND ACTIVE STORAGE OF CO? 
SENSONVISUAL AND AUDITORY STIMULI! 
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University of California 


While Ss shadowed female-voiced letters, five memory Ed cu bros 
either auditorily (in a male voice), visually, or both auditorily p DAS ally. à 
simple additive formula was used to predict recall performance fo dur. M^ 
current visual and auditory presentation. The formula accurately predicte 


performance for immediate recall, indicating independent visual and 
storage systems for very brief time periods. 


intervals of 2, 6, 
actually observed. 


primarily visual. 


Atkinson and Shiffrin (1968, 1971) have 
proposed a model of memory which pro- 
vides both an excellent organization of ex- 
isting data and also an extremely useful 
framework for guiding 
According to that mode 
ance over brief retention 
a joint function of several 
First, it appears likely that memory can be 
divided vertically into (a) a very brief store 
Which requires little effort on the part of S, 


(b) an active store Which consists of fre- 
quent rehearsals of th. 


stored, and (c) a long. 
information is p 
highly susceptibl 
from memories 


current research. 
l, recall perform- 
intervals is often 
memory systems. 


code, i.e., 
Which it is most analogous, 


One important implication of this model 
concerns the j 


! The research reported in thi 
: 1S paper was sup- 
ported by Grants MH 19327 M 
the National Institute Hen 40532 from 
? Requests for reprints s 
partment of Psychology. t7.: ity A : 
Davi, Calton. aso” University of California, 


* Now at Arizona State University. 


auditory 
However, following retention 


and 20 sec., the predicted scores were higher than those 

Deviations from the formula at the longe: 
intervals were explained by assuming (a) the existence of a 
precategorical acoustic storage (PAS) system 


r retention 
limited duration 
» and (b) that rehearsals were 


brief store), However, storage beyond 
these few seconds usually must be actively 
maintained through the process of reg 
hearsal. Depending on the existing condi- 
tions, S may choose not to maintain an 
activestore in a given modality even though 
input had occurred in that modality. This 
point has already been well established with 
respect to the adult human's propensity to 
store visually presented stimuli via a visua 
memory code for only a very brief period 
and to rely on an auditory—ver] val-linguisle 
(AVL) trace if longer retention is require 
(e.g., Averbach & Sperling, 1961), Since 
recent studies make it clear that Ss can 
maintain an active visual memory (e.g 
Kroll, Parks, Parkinson, Bieber, & John 
son, 1970; Parks, Kroll, Salzberg, & Park 
inson, 1972), the prevalance of the AVY 
form of active Storage in earlier studies ap’ 
parently reflects an S preference based 0” 
the relative ease of AVL rehearsal unde 
many experimental conditions, 

The central point of the present research 
concerns the fate of each of the two con" 
ponents of a memory stimulus that is pr” 
sented both visually and auditorily concu!" 
rently under conditions where active A 
Storage is relatively difficult, That is, ^" 
were required to shadow (repeat aloud) * 
rapid series of auditory stimuli during t^ 
retention interval, Under these condition? 
it Would be expected that brief sensor) 
Store would occur for each component e 
the compound stimulus, the visual CO? 


2a Re z acc ER R 


— ad 


Qa. 
en O 


y 


STORAGE OF COMPOUND VIS 


ponent in "iconic" store (Neisser, 1967, p. 
20) and the auditory component in “Pre- 
categorical Acoustic Storage" (PAS) 
(Crowder & Morton, 1969). If so, then 
recall performance immediately following 
such presentations ought to be a joint func- 
tion of both the auditory and the visual 
traces of the respective components of the 
memory stimulus. Specifically, the prob- 
iir of recalling a compound stimulus, 
AG + A), ought to be predictable from the 
simple additive formula: P(V + A) = 
P(V) + P(A) — P(V)P(A); where P(V) 
and P(A) are the probabilities, estimated 
on spearate trials, that S can recall a stimu- 
lus he has only seen and a stimulus he has 
only heard, respectively. Each such single- 
modality stimulus would supposedly have 
the same probability of entering and re- 
maining in the appropriate very brief store 
as would the corresponding component ofa 
compound stimulus. 

However, when the retention interval is 
increased beyond a few seconds, S can no 
longer rely on iconic and PAS traces but 
must rely, instead, on active memory. At 
this point, the critical question concerns the 
hypothesized presence of alternative modes 
of maintaining an active trace. If, in fact, 
parallel and independent rehearsal mech- 
anisms are available, and if shadowing 
makes AVL rehearsal difficult or relatively 
ineffectual, S should choose to actively 
maintain only the visual component of a 
compound memory stimulus. Thus, once 
PAS is lost, retention of compound stimuli, 
P(V + A), ought to approximate the re- 
tention of what were solely visual stimuli, 


P(V). 
METHOD 


Design.—On all experimental trials the shadow let- 
ES were presented in a female voice at a two/sec 
rus binaurally through headphones. Each trial con- 
ae five memory letters and cach of the four ex- 
5 imental conditions differentiated memory letters 
SE shadow letters differently. 
Shad the Auditory condition, five female-voiced 
ear letters were removed and replaced by a male 
The EUR the memory letters at a two/sec rate. 
male. were told to shadow both the female- and the 
Voie oiced letters but to remember only the male- 
1 ed letters. 
in fg eal condition, five visual letters (8.5 cm. 
were presented individually, left to right, 


JAL-AUDITORY STIMULI es 


on five readout units located approximately 1.8 m. 
from S and approximately at eye level. These visual 
letters were presented ata two /sec rate, each with an 
on-time of approximately 200 msec., while the female 
voice said different shadow letters. The Ss were in- 
structed to continue shadowing the [emale voice 
while they watched and remembered. the visually 
presented letters. 

The Visual + Auditory condition employed the 
tape recordings of the Auditory condition and, in ad- 
dition, presented the memory letters visually as the 
male voice said them. — Thus in this condition S saw, 
heard, and said the memory letters. 

The Visual Read condition employed the tape re- 
cordings of the Visual condition but preceded by 
a different set of instructions. Here Ss were in- 
structed to stop shadowing the female voice during 
memory-letter presentation and to read the visually 
presented memory letters instead. Thus Ss saw an 
said the memory letters while hearing irrelevant fe- 
male-voiced letters. This condition was included as 
a rough check on attentional factors. That is, the 
Visual + Auditory condition could result in better 
memory than the Visual condition for either one of 
two reasons: an additional memory system might be 
brought into play (as hypothesized), or S might pay 
more attention to the memory letters. That is, in 
the Visual condition, Ss must attend to both the 
visual memory letters and to the shadowing task, 
while in the Visual + Auditory condition the sha‘ 
owing task is concerned with the same letters as th 
memory task. The Visual Read condition allows S 
to devote full attention to the memory letters, but 
does not present the memory letters auditorily. 
Since 5s might possess an auditory memory of their 
own voice, different results might be expected had Ss 
remained silent during visual memory-letter pre- 
sentation. However, the present condition was used 
as it was believed to be the stronger control; i.e., if 
the Visual + Auditory condition wa superior to the 
Visual Read condition (as hypothesized), it should 
also be superior to a visual, silent read condition 
(Murray, 1966). 

Three groups of 12 Ss each were run. One group 
had 20 trials each for the Visual, Auditory, and Vi- 
sual + Auditory conditions; 10 trials with a 0-sec. 
retention interval and 10 trials with a 20-sec. reten- 
tion interval. Another group had the same three 
conditions but with each having 10 trials with a 2-sec. 
retention interval and 10 trials with a 6-sec. reten- 
tion interval. The third group had 20 trials each of 
the Visual, Auditory, and Visual Read conditions; 
10 trials with a 0-sec. and 10 trials with a 20-sec. re- 
tention interval. 

The conditions were blocked with each condition 
being preceded with its own short set of instructions. 
Within each block of 20 trials, the 10 trials at the 
shorter interval and the 10 trials at the longer inter- 
val were interspersed in such a way as to prevent Ss 
from knowing in advance the length of the retention 
interval. The first 4 trials (2 of the shorter in- 
terval and 2 of the longer interval) of each of the 
conditions were considered practice trials and were 
not scored. 
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All 36 Ss received the same 60 shadow lists and 
memory letters in the same order, but between 5s 
the assignment of the 20-trial blocks to conditions 
and the assignment of trials within blocks to reten- 
tion intervals was such that, over all Ss, each block 
was run under each condition and each trial was run 
at each retention interval. . 

Materials.—Each readout unit was capable of dis- 
playing 1 of 12 letters. Memory-letter sets of 5 were 
chosen from these possibilities such that (a) no two 
letters of a set were the same, (b) each letter in each 
position was used with approximately „equal fre- 
quency, (c) adjacent trials had sets as dis: milar as 
possible, (d) the probability of an association was 
low, and (e) acoustic confusions within the set were 
held to a minimum. 

Letters used in the shadow list for a given trial 
could include any letters except “W” and those let- 
ters used as memory letters on that trial. Each 
shadow list contained 16 lead-in shadow letters, the 
appropriate memory-letter presentation condition, 
and the appropraite number of letters to result in the 
required retention interval. Shadow lists were 
played from one channel of a tape recorder while 
tones on the other channel synchronized the visual 
presentations via a sensitive relay. 

Procedure.—Each § served in a single 1}-hr. ses- 
sion, but was allowed short rest periods between the 
various portions of the session. The ion began 
with approximately 30 min. of shadow practice simi- 
lar to that given Ss in earlier experiments (e, 
Kroll et al., 1970). Just prior to his first experi- 
mental condition, S was instructed to attempt to 
write the five memory letters, in order, 
Sheet at the end of each trial, 
swer, he was to advance 
cover on the arm of his 


on his answer 
After writing his an- 
the answer sheet under the 
chair such th: 


at his answer 


7 VISUAL 
4— —* AUDITORY 


icio 109 AUD. 
s ? VIS. READ 


a 
s 


PERCENT CORRECT. FREE RECALL 


2 6 

RETENTION INTERVAL (SEC,) 
Mean percentag, 
à function of the 
of memory stimulus 


Fie T. 
Scoring) as 


€ correct (free-recall 
the type 


retention interval and 
Presentation, 


would be covered for succeeding trials. 
intertrial interval was provided for 
response. 


A 15-sec. 
the recall 


RESULTS 


AND DISCUSSION 


Although Ss had been instructed to at- 
tempt recalling the memory letters in serial 
order, the following results are based on a 
free-recall scoring of the data. Results 
based on serial recall scoring had similar 
patterns and only differed from those based 
on free-recall scoring by having (a) lower 
overall scores, (b) more pronounced serial 
position curves, and (c) somewhat reduced 
magnitudes of effect for variables other 
than serial position. 


Figure 1 presents the percent corre 
ters for e 
periment. 
Visual 


ct let- 
ach of the conditions of the ex- 
In this figure, the results for the 
and for the Auditory conditions at 0 
and 20 sec. are averaged over 24 Ss, 12 of 
whom had Visual + Auditory as their third 
condition and 12 of whom had Visual Read 
as their third condition, All other points 
on this figure represent 12 Ss. 
Recall performance following visual and 
auditory presentation of the memory let- 
ters were compared over all 24 Ss having 
retention intervals of 0 and 20 sec. At 0 
sec., the Auditory memory letters were re- 
called better than Visual letters, F (1, 23) 
= 48.3,p < .01 ; While at 20 sec, the Visual 
memory letters were better recalled, 7^ (1, 
23) — 10.9, p «.01. These results repli- 
cate those of Parkinson (1972) and those of 
"eterson and Johnson (1971) in finding that 
recall following an auditory presentation of 
multiple memory letters is superior with 
Short retention intervals while recall fol- 
lowing a visual presentation is superior with 
longer intervals when the intervals are 
filled with a verbal task, 
The finding of an early recall superiority 
following auditory Presentation is in agree- 
ment with the Crowder and Morton (1969) 
hypothesis that PAS is longer lasting than 
iconic storage, The finding of a later recall 
superiority following visual presentation 
Suggests that Ss find visual rehearsals more 
efficient than AVL rehearsals during a con- 
current verbal task, This, in turn, raises 


the question of major concern to this ex- 
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TABLE 1 
PERCENTAGE or CORRECT RESPONSES OBSERVED UNDER ViSUAL, AUDITORY 
m AND VISUAL + AUDITORY CONDITIONS i 
Cond. | O-see. | 2-sec. 6-sec. 20-sec. 
Observed 
ud 60 56 AT 47 
um " 21 72 46 35 
Predict E: 96 81 Yd 49 
(V + A)! 97 88 71 66 
W + Ay - (+A) 1 7 14 
(11) .99 3,63** Spe 5.09*** 
(A) — (V -- A) zB -9 -1 —14 
t011) 2.66" 3.25** 3.98** sae 
(V) — (V+ A) E. —25 —10 —2 
101) 5.85*** 6.15*** 2.34" 65 


^ P(V 4- AY = PV) 4- P(A) — PDPA. 


pro «01; 
“iD « 001, 


i ts If the memory stimulus is pre- 
= Rs to both modalities, will S retain both 
E traces or, if he retains only one, 
in n will he retain? The model advanced 
'n the introduction suggested the following 
answers: (a) Since immediate recall de- 
Ende largely on memory traces which are 
V nem of S's rehearsal. strategy, im- 
A late recall should fit the simple additive 
Ormula, P(V + A) = PW) + P(A) 
une A _(b) Since delayed recall will 
egy nd increasingly on S's rehearsal strat- 
and as the retention interval is increased, 
ete it is assumed that S will, while 
call uoa rehearse visually, delayed re- 
TE rud the Visual + Auditory condition 
Sorat become less like the prediction of the 
Sn additive formula and more like the 
ma performance under the Visual condi- 
ng ille 1 presents the free-recall perfor- 
ested (percent correct recall) for the 12 Ss 
and i: 0- and 20-sec. retention intervals 
teruel. £l 12 Ss tested at 2- and 6-sec. 
iride l of these Ss having the Visual 
Sual E A p condition. The observed Vi- 
are in R na itory performances, P(V +A), 
the sim EM 3, while the scores predicted by 
© in R e additive formula, P(V + AJ, 
tor E^ 4. Observed Visual + Audi- 
es were subtracted from predicted 


7 4 A) = observed Visual + Auditory, (V + A)! = predicted Visual + Auditory. 


Visual + Auditory scores (Row 5), from 
the Auditory scores (Row 7), and the 
Visual scores (Row 9). The / tests testing 
these differences are in Rows 6, 8, and 10, 
respectively. 

As predicted by @ above, immediate re- 
call performance under the Visual + Audi- 
tory condition is significantly better than 
under either the Visual or the Auditory con- 
ditions, but is virtually identical to the 
performance predicted by the simple addi- 
tive formula. As predicted by b above, in- 
creasing the retention interval results in 
the performance under the Visual + Audi- 
tory condition becoming less like the pre- 
diction of the simple additive formula and 
more like the performance under the Visual 
condition. While the prediction of no dif- 
ference between P(V + A) and P(V + A)! 
at 0 sec. and between P(V + A) and P(V) 
at 20 sec. raises the awkward problem of 
the model via accepting the null hy- 
is clear that (a) these differences 
zero, and (b) the experiment is 
quite sensitive, as evidenced by the finding 
of significance for all differences in Rows 
5, 7, and 9 except those two differences pre- 
dicted to be zero. 

The proposed model attributes the initial 
high recall under the Visual + Auditory 
condition to an unrehearsed auditory 


testing 
pothesis, it 
are nearly 


T 


ZI 


(PAS) component. That it was due to an 
auditory component, rather than increased 
attention or an articulatory component 
supported by the significant difference 
tween the Visual + Auditory condition 
the Visual Read condition x 
923 S713 bec 19s (However, it must be 
admitted that the Visual Read condition is 
better than the Visual condition, £ (11) 
This difference may be 
(tention, articulation, or 
to PAS resulting from S's own voice.) 
model is Correct, it should 
be possible to solve for P(A) in the additive 
formula, using the observed values of 
P(V + A) and P(V), to Obtain the effective 
auditory component in the recall of stimuli 
presented both visually and auditorily. 
The plot of this effective auditory compo- 
nent over time is given in Fig, 2 for both 
free-recall and serial recall Scoring todemon- 
Strate the agreement between the two scor- 
ing Procedures, 
The computed auditor 
ponent depicted in Fig. 
evidence for a PAS m 


, is 
be- 
and 
at 0 sec., F (1, 


Y memory com. 
2 is interpreted as 
emory component 


Pay 


pe P(V-A)—P(y) 
B uri 


0 2 


20 


6 
RETENTION INTERVAL (SEC.) 
A ao V dypothesizeq effective auditory memory 


asa function 
recall and serial 
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which lasts approximately 8 sec. wm. 
presence of shadowing as MER 
the intersection of a line through the nd 
and 6-sec. free-recall points with a E 
tal line through the 20-sec, point. PE al 
2 is based on performance averaged hip 
five positions of the memory | we 
Similar calculations for each individua Y. i 
tion resulted in estimates ranging from e 
83sec. While these estimates are somew bs 
longer than the under 5.3-sec. ue 
Glucksberg and Cowen (1970), the cor E 
spondence seems acceptable given the E 
differences between the two experimen s 
For example, Glucksberg and Cowen ra 
tempted to prevent Ss from attending 
the memory stimulus and, on the basis o 

subjective reports, were fairly successful d 
doing so. In the present study, Ss reporte 
listening to the memory letters. (i.e., they 
reported shadowing the male voice and not 
merely reading the visual letters off the 
Screen), and were therefore likely to be 
giving a good deal of attention to the end 
tory stimuli. This difference in degree o 

attention. paid to (he auditory memory 
stimulus may explain the slight difference 
in the duration estimates between the two 
Studies (5 sec, vs. 8 sec.) and the large dif- 
ferences in the estimates of initial strength 
) 


—at 0-, 2-, 6 
vals—are (As in Fig. 
1, the A nditions at 


ntervals represent 
24 Ss while all other Conditions represent 


12 Ss.) “hese Curves also seem to support 
the model, At 0 sec., the Visual -+ Audi- 
tory serial position curve resembles a rough 
combination of the uditory and Visual 
O-sec. curves, At 20 sec., the Visual + Au- 
ditory serial Position curve is quite defi- 
nitely more similar to the Visual curve than 
to the Auditory Curve. This latter finding 
does not seem to be an artifact caused by 
the ifferent Overall Percentage correct 
since the Auditory 6-sec. curve is at the 
Same overall leve] and yet does not resemble 
Curve nearly as much. 


the Visual 20-sec, d 
While the overall results of the experi- 


] 
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AUDITORY 


a 
S s 


"n 
[z] 


PERCENT CORRECT 


1 23.3 4 S Hf 2 
SERIAL 


VISUAL 


VIS. + AUD. 


—0 
ecol 
—6 


5-520 


Ju SRI 548 E p 
POSITION 


Fic. 3. Me 
3. 3. Mec 'rcentage ( 1 
pain £i, 2 i Vari correct (free-recall scoring) as a function of serial 
Pare Vb 4 s ses type of memory stimulus presentation (Auditory, 
sual, isual--Au ), 2 tention i T 
itory), and retention interval (0-, 2-, 6-, or 20-sec). 


Xe be i as supporting the PAS 
dye this hypothesis also predicts 
tori the end items of a list presented audi- 
the y will be forgotten ata faster rate than 
én earlier items. This prediction is typi- 
= s realized when the retention intervals 
Cur filled with counting (e.g. Glanzer & 
à E 1966) or with counting backward 
"ori ostman & Phillips, 1965), but does 
Baer in the Auditory serial position 
Ee uno the present experiment. This dis- 
factor cy may be the result of additional 
nay is introduced by the shadow task. 
Piston 1 thing, the shadowing probably 
or iiie more retroactive interference 
ing t “|; memory letters than do count- 
This aoe (e.g. Kroll & Kellicutt, 1972). 
e be, arnt interference in turn may 
üre lime entire list so that (he early items 
in ike (ar more rapidly than with count- 
Han & eee & Cunitz, 1966; Post- 
“Ntiong lips, 1965.) For another, at- 
E th dien ane probably quite differ- 
Current P task since shadowing is 

ask which S is doing before, 


Man 


ti 3) an 

p : and after memory-letter presenta- 

tren Was pleted. These attentional 
NS ay also be the cause of the ex- 


V 

Vith Misa] E serial position effects found 

Sum; Presentation. 

iment <> the results of the present 

y With ig to be in very close agree- 

"ng me he following hypotheses con- 
mory over short retention inter- 


er 


vals: (a) There exists a precategorical 
acoustic storage (PAS) of information 
which is retained several seconds without 
rehearsal. (b) At least while shadowing, Ss 
typically rehearse the memory letters in a 
way that is related to the modality of pre- 
(c) When the memory letters 
both auditorily and visually, 
isual, rather than 


sentation. 
are presented 
Ss typically employ v 
AVL, rehearsals while shadowing. 


REFERENCES 


, & SHIFFRIN, R.M. Human mem- 
ory: A proposed system and its control processes. 
In K. W. Spence & J. T. Spence (Eds.), The psy- 
chology of learning and motivation: Advances 1n re- 
search and theory, Vol. 2. New York: Academic 
Press, 1968, 89-195. 
Atkinson, R. C., & SttterRtN, R. M. The control 
osses of short-term memory, Scientific Amert- 
82-90. 
SperLING, G. Short-term storage 
of information in vision. In E. C. Cherry (Ed.); 
Fourth London symposium on information theory. 
Feld, 1961, 196-211. 


London: Butterfie 1 E 
CROWDER, R.G,& Morton, J. Precategorical 


storage (PAS). Perception & Psycho- 


acoustic 
physics, 1969, 5, 365-373. 
x z, A.R. Two storage mech- 


M., & CUNITZ, : 
Gran á Journal of. Verbal earn 


anisms in free recall. i 
and Verbal Behavior, 1966, 5, 351-360. 
jr. Memory for 


SLUCKSBERG, S., & Cowen, G- N., J en 

Gr attended auditory material. Cognitive Psy- 
chology, 1970, 1, 149-156. 

KRoLL, N. E. A., & KELLICUTT, 
call in short-term memory as a fu 


ATKINSON, R. C. 


proc 
can, 1971, 225 


AVERBACH, E., 


M. H. Correct re 
netion of covert 


iy 


38 


rehearsal and of intervening task. Journal of 
Verbal Learning and Verbal Behavior, 1972, 1l, 
196-204. 
Knorr, N. E. A., Parks, T., PARKINSON, S. R., 
BIEBER, S. L., & Jounson, A. L. Short-term 
memory while shadowing: Recall of visually and 
of aurally presented letters. Journal of Experi- 
mental Psychology, 1970, 85, 220-224. 
Murray, D. J. Vocalization at presentation and 
the recall of lists varying in association value. 
Journal of Verbal Learning and Verbal Behavior, 
1966, 5, 448-491. 
Neisser, U. Cognitive psychology, New York: Ap- 
pleton-Century-Crofts, 1967. 
PARKINSON, S, R. Short-term memory while shad- 
owing: Multiple-item recall of visually and au- 


N. E. A. KROLL, S. R. PARKINSON, AND T. E. PARKS 


rally presented letters. Journal of Experimental 
Psychology, 1972, 92, 256-265. : 

Parks, T. E., KroLL, N. E. A SALZBERG, P., & 
PARKINSON, S. R. The persistence of visual mem- 
ory as indicated by decision time in a matching 
task. Journal of Experimental Psychology, 1972, 
93, 437-438. 

PETERSON, L. R., & Jounson, S. T. 
minimizing articulation on short-term retention. 
Journal of Verbal Learning and Verbal Behavior, 
1971, 10, 346-354. 

Postman, L., & Puitutps, L. W. 
poral changes in free recall. 
Experimental Psychology, 


Some effects of 


Short-term tem- 
Quarterly Journal of 
1965, 17, 132-138, 


(Received October 20, 1971) 


Journal of Experim " 
5 ental Psychology 
1972, Vol. 95, "Nb: 1, 39 scho logy 


RECALL IMPROVES IN SHORT-TERM MEMORY THE MORE 
RECALL CONTEXT RESEMBLES LEARNING CONTEXT? 


PHILIPPE R. FALKENBERG? 


Wake Forest University 


If the contextual similarity between learning and recall within a single trial 


in a short-term memory (S 
This context effect 
Peterson paradigm for both 


arithmetic context, and within- and betweer 


1) paradigm is varied, recall varies proportion- 
demonstrated using variations of the Peterson- 
aurally and visually presented material, verbal and 


Ss designs. Experiments were 


conducted to discover whether the context effect was due to differential ability 
to rehearse in the recall interval, differing intertrial intervals, and different 


amounts of activity on S's part during a trial. None of th 
An analysis of intrusion errors 
that the context effect is due to proa 


supported by the data. 
hypothesi 


hypotheses were 
ails to support the 
interference. An explana- 


f; 


iv 


tion of the effect on the basis of stimulus generalization is proposed. 


rue, in enntent influence learnir Land 
al in long-term memory (LTM) in 
humans and animals (Bilodeau & Schlos- 
berg, 1951; Carr, 1917; Greenspoon & 
Ranyard, 1957; Pan, 1926; Thomas & 
Jones, 1962; Watson, 1907). Do contextual 
Changes influence learning and retrieval 
from short-term memory (STM), and if so 
what mechanisms are operating? 

, The Peterson and Peterson (1959) para- 
digm is suitable for the study of contextual 
influences on STM because: (a) the "busy" 
task inserted between learning and recall 
Can be used as context; (b) measurements 
are taken within one trial on single Ss; 
(c) the context is very different from the 
learning task and in no logical way can serve 
to assist learning or recall; on the contrary 
the context is deliberately chosen to hinder 
the rehearsal of the learned response (this 
'S important, for all too often in studies 
employing context as independent variables 
»: is not clear where the context leaves off 
"d the to-be-learned S-R association be- 
Sins) ; and (d) Ss’ attention is held to both 
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the learning task and the contextual 
material. 

Eight experiments are reported here: the 
first four experiments demonstrate the con- 
text effect in STM, namely that retrieval 
from STM improves as the context for 
learning is made more similar to the context 
for retrieval, and four more experiments 
examine the mechanism by which the con- 


text effect might operate. 
EXPERIMENT | 


In the Peterson-Peterson paradigm, Ss 
learn a consonant trigram, count backward 
in the interval between learning and recall, 
then recall what they can of the trigram. 
The two criterion events of interest in this 
paradigm are the learning of the trigram 
and the recall of the trigram. Events that 
occur immediately before a criterion event 
can be construed as part of its context. 
Note that the context for the recall is very 
different from the context for learning, be- 
cause Ss are counting backwards before re- 
call whereas they are not counting before 
learning. This change of context between 
learning and recall could account for part 
of the forgetting in this paradigm. If, as 
has been found in LTM, context is kept 
the same for both learning and recall, re- 
trieval should be better than when it differs. 
To test this hypothesis, Ss performed the 
usual Peterson-Peterson task as one con- 
dition, and as a second condition, counted 
backwards before learning from the same 
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number for the same length of time used 
in the retention interval. 


Meth 


Twenty-four Duke under; 
Participation in the experiment was 
ment. Six retention intervals were 
15, and 18sec. One condition (PP6 
Peterson-Peterson paradigm uncha 


od 


condition (CON) required S to count 


from the same number and for t 
time, immediately before the pi 
trigram as well as bet 
gram and recall. The 
selected from Witmer (1935) with 
between 4% and 29%. 

contained letters in comm 
curred equally often over 
A three-digit numb. 
numbers was paired with 


val. 


mained lit during the trial. 


on, and each 


er from a tabl 
each trigram 
ard counting. 
before the trial 


graduates were paid Ss. 
à course require- 
used: 3, 6, 9, 12, 
9) replicated the 
nged. The other 


backwards, 


he same length of 
resentation of the 
ween presentation of the tri- 
5s learned consonant trigrams 
associative values 
No two successive items 


trigram oc- 


Ss at each retention inter- 


e of random 
to provide a 


A green light 
began and re- 


A 1-sec.-long red light 
signaled when E spoke the tri 


A black screen hid 


rvals were timed y 
E from S, E, 
ns, and at all ri 


gram and later signaled 
end of each retention 
with Hunter timers. 
ach S was tested 


etention intervals, 
In the context conditi, 


same retention 


ndition, CON 
om the sam 
of three-digi 


intervals were used. 
counted before Je; 


in the retention i 


condition. E. 
tention inter 


ME 


AN PROPORTION 
AND PP69 


» and the 
letters for each 


The experiment 
balanced for lists of t 


ight tri 
ach condition, 
ams letter by letter 


y had to Say thre 
recall. 


rigrams, order in 


TABLE 1 


ConnEcr 
AT EACH Ry, 


» another list of 


(The Ss 
» as well as 


before each 


als for each re- 
They had to 
after E had 


* consonant 


Was cou nter- 


which lists 


RESPONSES FOR CON, 
CALL INTERVAL 


Cond, 


CON 
PP69 


Retention intervals 


sel cud ise s 15 
a 
90 | s5 sl 


Difference pe. 


twe 
and 


en CON. 
PP69 


P (one tail)a 
om E 


Note.—| 


* Dete: 


Recall in 
rmined by 


2 7 272. 
CE EE ee 


tervals are given in se s. 
v Seconds, 
a signed ranks test, s 


N x2. 


itions, 2 > order 
were presented, order of conditions, m the 
of retention intervals within each condition. 


Results and. Discussion 


Table 1 shows the mean proportion E. 
correct responses made by the E A 
every time interval in each condition. "n 
formance in CON is superior to that E. 
PP69 for every time interval, and, excep 
for the 3-sec, interval, these differences aa 
Statistically significant, The pete 
enhancement of CON over PP69 is rough 
equal over the time intervals except for k 
3-sec. interval. The closeness of the resu $ 
for the 3-sec, interval for CON and PP6 
conditions is a ceiling effect; a major pro 
portion of Ss scored perfectly at this inter 
val (i.e., eight out of eight trigrams), so 
little difference could be demonstrated. E 

Experiment | suggests that if the retrieva 
Context is more similar to the learning con- 
text, recall is significantly improved. E Vus 
Would mean that part of the forgetting Hu 
the standard Peterson-Peterson paradigm 
is due to contextual change as well E 
lengthening retention interval, Alternative 
explanations for this result, such as easier 
rehearsal under the context condition, will 
Pe considered in Exp. V-VITI. 


EXPERIMENTS lII AND III 


Can a quantitative 
contextual simi] 
recall produce 
text be varied 
tion interval ? 


Manipulation of the 
arity between learning and 
graded results, and can con- 
independently of the a 

Experiment I] is described 
first. The Ss added pairs of digits insteac 
of Counting backwards as the context task: 


. . B a 
and stimuli Were presented visually on 4 
memory drum instead of aurally. 


Method 


The Ss were 24 Duke University undergraduate? 
11 males, 13 females, all Paid. Experimental penus 
pation was a class requirement. The 144 consonan g 
trigrams Ss learned had associative values betwe 

% and 29% ( jitmer, 1935). 
selected and paired, Every S sa n 
consonant trigrams and digit pairs, Digits m 
trigram lists computer and ae 
9n a Lafayette memory drum, Recall latencies Wo 
Measured with a Standard timer started auts 
matically by the Memory-drum paper and stopP 
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TABLE 2 
E EXPERIMENT II, MEANS 
M Recall errors® 
Measure — P roponian Latencies 
0 33 | 67 100 R 
Retention intervals 
the 44 40 39 32 39 4T 
162 .88 .64 .62 .56 67 .63 
x 1.09 .76 64 64 ABS <6075 
: .81 .60 .55 ;S1** .61 
Proportion correct | 5 7 7 
port 58 67 E Hie 66 
Latencies 2.61 2.55 | 248 2.53* 2.54 


Note.— "rcei x imitari 
te.—The percent contextual similarity level is designated by the column heads 
ntion Interval interaction significant, p < .05. 


ANT x 
Means di! p <.05, F te: 
** Means differ at p < .01, F test. 


zai d pio a push button immediately after 
ca ack screen hid E from S. 
PEE pii intervals (544, 10.8, and 16.2 
1009, four context levels (0 Jo, 33 O6, 6756, and 
6) combined to make 12 conditions. Each tri- 
gram was shown in each condition over Ss. Twelve 
trials were given for each condition, a total of 144 
trials per S. These 144 trials were presented to Ss 
in the order of a 12 X 12 balanced Latin square so 
that each condition followed every other condition 
once. Different Ss started into the square at differ- 
ent rows so that any practice effect was distributed 
throughout the square. The Ss learned and recalled 
E consonant trigram in each trial. The Ss added 
EUN saying the totals aloud before learning the 
s Bram as well as before recalling it, to provide 
Stmilarity of context between learning and recall. 
A learning context as similar as possible to 
Eu context, the same additions were used in both 
ases, Trigrams and digit pairs were presented for 
sod In the 100% context level, all the digit 
aoe used in the retention interval was also per- 
kda ii before learning the trigram. If no digits were 
E before learning, this was the o% level. A 
S iRpUr tion (33% or 67%) of the digits used immedi- 
ae before recall were added before learning to 
rs intermediate context levels. The actual 
aaa of digit pairs involved in each of these 
used fc levels was determined by how many were 
Mentes each retention interval (e.g. a Sete 
Conte ion interval used six digit pairs, 5° a 33% 
ikey Xt would use the last two pairs before learning; 
i -CWise if 12 digit pairs were used in the retention 


Ihtery.. s i 
Cte yale 33% context would use the last four pairs, 


ii 


ane Ss were seated before the screen directly 
[) 8 the memory drum, given the push button to 
thay 22d told how to use it. They were instructed 
own K Was an experiment in STM and forgetting, 
Pear i, OW the trigrams and digits pairs would ap- 
alo n the memory drum, told to say the trigrams 
Saying Ne letter at a time, and to add the digit pairs 
St trie totals aloud. Because of the large number 

S, Ss were given a 1-min. rest every 12 trials, 


0, 33, 67, and 100, N = 24. 


and 72 trials were run on 2 consecutive days. There 
was a 9-sec.interval between the presentation of the 
digit pair of the retention interval and the be- 
ginning of the next trial. 


Results and Discussion 


In, Table 2 all three measures show that 
as the degree of contextual similarity be- 
tween learning and recall increases, retrieval 
performance increases. By far the most 
sensitive measure of Ss’ performance was the 
recall error measure. The Ss could make 
zero, one, two, or three errors on each trial; 
an error was defined as saying the wrong 
letter, e.g., QSX learned, but on recall 
said QXK, producing two errors. Recall 
errors are used throughout the remaining 
experiments (all mean recall errors are 
pooled over Ss and trials). In this and all 
subsequent experiments, all statistically 
significant main effects and interactions are 
reported and discussed. The interaction 
between context levels and recall intervals 
for errors is significant, F (6, 138) = 2.5, 
p <.05, and this implies that the total 
amount of context is having an effect as 
well as the relative amount between learn- 
ing and recall. The largest difference be- 
tween context levels is between the 0% 
and the 33% context error measures 
(p < .01), but the error difference between 
the 33% and the 100% context levels is 
also significant (p < .025). 

The Ss took longer to respond when they 
were wrong than when they were right 
(wrong X = 3.02 sec. ;right X = 2.27 sec.). 


c 
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The latency differences can be explained on 
this basis : there were more wrong responses, 
hence longer average latencies, for the long 
retention intervals and the lowest contex- 
tual similarities. Latency also increased 
with number of errors as did the variability 
of latency. 

The Ss’ learning (or perception) of the 
trigrams was not perfect. Of the 10,368 
consonant letters Ss were shown, 144 were 
mislearned as measured by Ss’ responses at 
the time of trigram Presentation, and the 
error total increased as the number of prior 
additions increased, indicating that Ss prob- 
ably had more difficulty in breaking set for 
the longer series of additions, and were 
caught by Surprise when the trigram was 
shown. (When Ss made learning errors, 
their recall responses were compared to the 
wrongly learned Tesponse for recall ac. 
curacy.) The data show no apparent rela- 
tionship between learning errors and the 
context effect. The number of 
errors is far tog small to 
number and relation of 


learning 


creased 21% and errors decreased 36% as 
contextual similarity ; 


ased from 0% 
to 100%, : 
If contextual similarity 


di 


between learning 


fecall interval 

9—9 16.2 secs, 
9--o 10.8 secs, 
e-a 54 secs. 


s IG 
2 
o 
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E 
> 8 
3 
© 6 
[s 
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v 
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o 
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Percent Contextual similarity 

Mo, 4 Mean nun 

OL a nber e 
retention inter ps 5 


val and e; ae Trors for each 
larity for 12 S ich level of Contextual simi. 
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] 
and recall is varied quantitatively, a 
ability to recall varies proportionately, "e 
context can be manipulated independent y 
of the recall interval. The usual STM ron 
getting over increased recall intervals was 
also found. 
Experiment III was 
II with a new E, 
(Lafayette IBM 


à replication of Exp. 
a better memory drum 
) a different location, and 
12 Ss from Wake Forest University. La- 
tencies were not recorded. With these ak 
ceptions everything was the same as in 
Exp. IT. The results shown in Fig. 1 are 
Similar to those in Exp. II, and the slope 
of these curves are representative of the 
context effect in all the studies reported 
here. The measures of recall performance 
for different levels of contextual similarity 
are significantly different, F (3, 33) = 6.51, 
P < .005, as are those for different retention 
intervals, F (2, 22) = 7.38, p < .001, and 
there is no interaction, 


Data from this experiment were further 
analyzed showing: (a) When intrusion 
errors from the previous tria] were examined 
no Systematic relationship between them 
and the context eff The con- 


lect was found. 
text effect cannot be explained by proactive 
interference (PI) from the previous trial. 
(b) The number of errors was least when the 
recall interval of the previous trial was the 
Same as the present trial. One might specu- 
late that this “sameness” was providing 2 
al context effect, 


form of intertri 


EXPERIMENT IV 

The previous three experiments all em 
Ployed a within-§ design, Because of the 
intertrial effects just mentioned, an inde- 


P experiment was done t? 


ensure that the contex 


: } t effect was not some 
Peculiar artifact of the Within-§ design. 
Method 

The Ss were 


and 34 Males, 


ales 
students, 30 fema 
Materials and 


a class requiremen 
he same as in F? 
S were used. 

scc. 
Yer and 100% context. A 10.8777 
rval was used. The same „list 
as used for each condition, and cac 


jons | 
ned to four conditio" 


! 
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received 25 trials. The Ss were given 2 practice 
trials and a minute break after every 10 trials. 


Results 


] The mean recall errors for the four condi- 

tions were 0%, .82; 33%, .66; 67%, .59; and 
100%, .36; and these were significant differ- 
ences, F (3, 60) = 3.59, p < .025. These 
results are extremely close to those obtained 
in Exp. 111I for the 10.8-sec. retention inter- 
val. Orthogonal tests showed significant 
differences between the 0% and 33% con- 
ditions, and the 67% and 100% conditions. 
J he context effect in the within-Ss design 
1s not an artifact of the paradigm; because 
this design is economical of Ss and more 
sensitive than an independent groups design 
we continued to use it in the remaining 
experiments. 


EXPERIMENT V 


The previous experiments demonstrated 
that as you change the amount of contex- 
tual similarity between learning and recall 
for individual Ss within a single trial lasting 
but a few seconds, as similarity increases 
so does recall. This has been shown to 
happen for both visually and aurally pre- 
Sented stimuli, and when the context was 
backward counting, and when the context 
was digit addition. What is the mechanism 
for the context effect? 

The simplest explanation would be stimu- 
lus generalization, and the form of the data 
curves would suggest this hypothesis, but 
alternate explanations exist and must be 
Considered. 

The most likely alternate hypothesis is 
ea the addition of context before learning 
Ped a rehearsal in the retention interval 
hee _Since Ss experienced the same 
prs ee emning or digit additions be- 
te ie as they did in the retention 
EN "ad 100% context, it could be 
Would hes familiarity with the numbers 
interval € them easier in the retention 

; thereby allowing more rehearsal 


han j à x A. 
Nin the 095 condition. This was tested 


eXperimental ly. 


ites ad hypothesis involves intertrial 
al. Loess and Waugh (1967) have 
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shown that as the intertrial interval in- 
creases in STM recall improves. In the first 
three experiments reported here, this was 
the case. By adding context before learn- 
ing, the spacing between the trigram on the 
present trial and the trigram on the previ- 
ous trial was increased. Possibly this addi- 
tional time was allowing “better” learning, 
giving the context effect, so this was tested. 

The third hypothesis tested was that 
differential activity is producing the con- 
text effect. In the 100% context condition, 
Ss are busier than in the 0% condition, and 
possibly this extra activity is “warming 
them up” so that learning and retrieval 
are better. 

Finally, Keppel and Underwood (1962) 
propose that the forgetting in this kind of 
paradigm is caused by proactive inter- 
ference. The intrusion analysis in Exp. Ill 
does not support this explanation for the 
context effect, although PI clearly occurs; 
this hypothesis has been tested (Wood, 
1971) and PI did not account for the con- 
text effect. 

Does familiarity with digit addition 
allow more rehearsal in the 100% context 
condition? The number of times Ss saw 
and added a set of digit pairs within a trial 
was systematically varied in this experi- 
ment at the same time the percentage of 
contextual similarity was varied. 


Method 


The Ss were 36 undergraduate students partici- 
pating as part of a class requirement. Apparatus, 
materials, and instructions were the same as Exp. 
Ill. Eighty-one trigrams were used. The context 
levels were 0%, 33%, and 100%. Familiarity with 
the context was varied by the number of times a 
particular digit-addition set was repeated in the 
retention interval. Sets of digit additions were re- 
peated once, twice, or three times in the retention 
interval; schematically the 0% task looked like 
this—one repetition, 123456; two, 123123; three, 
121212. The context variable was manipulated as 
before, so that a 33% context level would look like 
12 osx 121212 under a three-repetition situation. 
Each S was tested under all nine conditions of this 
design, 9 trials each; the 81 trials were presented as 
a balanced Latin square as before. The Ss rested 
1 min. after each 9 trials, and all trials were done in 
one session. The retention interval was 10.8 sec., 
and each trigram and digit pair was presented to 
S for .9 sec. 
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Results and Discussion 


mean recall errors for contextu 
feces 0%, .66; 33%, 553 and 100%, 
52; F (2, 70) = 5.05, P <01. Mean re- 
call errors for the number of digit-pair re 
petitions were OU sa 34; and 3, mor 
and these differences Were not statistically 
Significant. There was no interaction. The 
context effect was still Present, but the 
number of times § experienced the digit 
additions made no difference in his error 
scores. The difference between the 0% and 
33% context levels Was statistically signifi- 
cant (p < .025). Since the range of digit- 
pair repetitions went from zero to five over 
the context conditions (e.g., in the 100%- 
three-repetition conditions, Ss added the 


same digit pairs three times before learning 
and three times before recall), Ss had wide 
experience with the context task, yet it 
made no measurable difference to their 


Scores. Differential rehearsal because of 
familiarity with the Context is not a Satis- 
factory explanation for the context effect, 
but of Course differenti] rehearsal May still 
be happening for other reasons, 
Proven, 


al simi- 


This re- 
mains to be 


EXPERIMENT VI 
Method 


In Exp. I-III 
varied, being longer 

© average intertr 
textual similarity 


Y varying the 


the intery, 
for 100% 
ial intery, 


al between 
Context th: 
ul over ley. 
d in this 
the 


trigrams 
an for 095. 
els of con. 
experiment 
end of one trial 
next; by doing this, the 
< presentations was held con- 
ton interval, The Ss were 24 
a class re- 
instructions, and 
» Except for the 


re the Same a 
control of intertri 


Results 


The Upper half of i 
context effect 
intertri; 


. ~ Increase of errors with 

n Interval is also present, 
: and the form of the context 
effect data is about the Same j is exper; 
ment as in Exp. II and IIg, pees 
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TABLE 3 à 
Mean RECALL Errors IN EXPERIMENT V 
Percent contextual similarity 
Measure 3 E ^ m m 100 
Average intertrial interval constant i 
de Les 
Mean recall errors .93 16 67 
Present retention inter- 
val (5.4) | (10.8) (16.2) 
Mean recall errors -56 79 .92 q 
Intertrial interval varieda 
Li * 
Mean recall errors 96 .80 .68 n 
Previous retention in- 
terval (5.4) (10.8) | (16.2) 
Mean recall errors 83 .80 74 
LY —— gm 


fcn d i in parenthe- 
ention intervals, given in parent 


scores per §, 
not included, 


ns differ, p < 01, p 


D — z 12 
The first trial in each of the 
* Meai 


Because the Tetention intervals of the 
Previous trial varied, only the average es 
val between that trial and the present tria 
is constant. To check whether this averag- 
ing was obscuring any result produced by 


variable intertrial interval the data were 
reanalyzed using the 

interval One factor 
another, 
data as if the le 


cen the present and previ- 
8 to the length 
retention interva 
Under this analysis 
Mains (lower half © 

ial interval effect 
and Waugh (1967) appears al- 
though it is not Statistically significant: 
Loess and Waugh Varied their intertra” 
intervals from 0 to 60 sec., whereas the 
intervals in this EXperiment varied from 
19.8 to 41.4 urthermore, the vario 


s Sec. F 1 
tion of inte "val in this last analys! 


: +, sro 
ded with the variatia 
1€ previous trial. 


al did į 


ance 
nfluence performan 
t trial, 


s the 
Namely that if tl 
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that the difficulty 9'. 
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Previous retention interval was the same as 
the present retention interval, performance 
on the present recall was best. Analysis 
E Pu experiment's data confirm this 
ee I pe stiet of intertrial interval on 
E i lis i experiment is probably 
: ened by this confounding and the dif- 
erence in the range of intertrial intervals 
used, The significant finding of this study 
Is that the context effect is not appreciably 
influenced by intertrial interval. i 


EXPERIMENT VII 


f Before the influence of activity on the 
Context effect can be examined, a com- 
pony different kind of context is needed. 
oH m om has been an arithmetic task 
hen ne i ind. Can the context effect be 
aae traten using a nonarithmetic con- 
oe task? To answer this question a 

W context task using words instead of 
arithmetic was devised. 


Method 


ed Ss were 18 undergraduates participating as 
the of a class requirement. With the exception of 
the Se pe material, apparatus and material were 
and La Exp. III, W ords chosen from Thorndike 
show orge (occurring at least one per million) were 
TI n to Ss in the memory-drum slot as context. 
frs ‘Ss were asked to categorize each word as having 
Ree ing to do with animals or not; in the former 
nod Ss responded YES, and in the latter case m 
eae onded NO, (e.g. Ss seeing CAT, FORK LM, QSX, 
Yes, EDRN SLM would respond YES, No OSX, 

10067. 0, NO). "Three context levels—0 lo, 3: an 
eer used, and a digit addition task was r 
re ec for comparison giving St conditions for the 
Xperiment, Each S received trials for each con- 
IMs organized in a balanced Latin square. The Ss 
eve acten in the general nature of the experi- 
inter and particularly in both ta sks. The retention 
gr. val was 10.8 sec. Words, digit pairs, and tri- 
ams were presented for .9 sec. The Ss rested for 
inane every 12 tria and all trials were completed 
e session. 


Res , à 
sults and Discussion 


t M the word-categorization task and 
e i P addition task produced the context 
text ; The mean recall errors for each con- 
Cont Condition when words were used as 

sext were 0%, .96; 33%, .74; and 100%, 
Oo" and when digits were used as context, 

o, .78 ; 33%, .53 ; and 100%, 54; F (2.34) 


=4.93, p < .05. There was no interaction. 
The Ss’ recall did not differ on the basis of 
words or digits; therefore the word-cate- 
gorization task was equivalent to the digit- 
addition task in producing response errors. 
The gradient of context effect scores for the 
words task was comparable to that found in 
Exp. 11, III, and VI. 


EXPERIMENT VIII 


Are Ss being “warmed up" by the addi- 
tional activity of the 100%, 67%, or 33% 
context levels in this paradigm? If this is 
the case, equating the amount of activity 
over context levels should cause the con- 
text effect to vanish. 


Method 


The 5: 
pating a 
terials, apparatus, and de: 
Exp. V, except for the context. Digit addition was 
used as context for the three context levels, 0%, 
33%, 100%. To equate the amount of activity S 
did in each trial, the spaces before the 0% and 33% 
were filled with another task. The fill used was: 
word-categorization, a different set of digits than 
the ones used in the retention interval, or blanks 
(no activity) as had been used in previous experi- 
ments. The retention interval was 10.8 sec. 

"The Ss were instructed in the task as in Exp. V, 
additional instructions concerning the context 
Both the word-categorization and digit- 
asks were explained, and 5s were warned 
any one 
ach 


were 36 undergraduate students partici- 
a part of a class requirement. The ma- 
sign were the same às 


a 


with 
tasks. 
addition t 
that a mixture of the two might appear on 
The Ss were given two practice trials on € 


trial. 
context task. 


Results 

Table 4 shows that the context effect re- 
mains for each kind of fill. The word and 
blank fill contribute statistically to the 
all significance of the context effect, 
but the digit fill does not, even though it is 
in the right direction. The means for each 
type of fill do not differ significantly, nor 
do the means for the 100% conditions. 


"The overall number of errors is considerably 
decreased from previ 


ious experiments, but 
this is understandable since the à 


over 


xddition of 


fill would make the 0% and 33% context 
levels resemble the 100% level more, 
thereby reducing error rate. The steepest 
gradient between levels of contextual simi- 


TABLE 4 


EXPERIMENT VIII, MEAN NUMBER OF 
RECALL ERRORS 


Contextual similarity 


f fill 
T 0 33 100 | X 
Ni 55 34 m 41 
Bianks | 45 39 |.3r 39 
Digits A0 37 35 | 38 
x AT 37 e aga | 39 
| 
e,—N =36. 
Dem ms b «.05 


** Comparison, 5 < .01. 
bid Context. means differ, p < 001, F test. 


larity occurs for the word fill. The contrast 
between the word-categorization task and 
the digit-addition task might be enhancing 
the similarity of the digit-addition context 
making it more salient. Correspondingly, 
the shallowest gradient occurs for the differ- 
ent digit fill, and this would be expected 
since the 0% and 33% levels with this fill 
most closely resemble the 100% level. The 
gradient of the blank fill context levels 
most closely resembles the form of the 
gradients in previous experiments. These 
results negate the activity or warm-up hy- 


pothesis as an explanation of the context 
effect. 


Discussion AND ConcLusion 


Changes in context in a 
between learnin 
lasting a few 
mance. In thi 


n STM paradigm 
€ and recall within one trial 
seconds degrade recall perfor- 
n s respect, STM resembles LTM. 
Three possible explanations for this context 


effect have been explored experimentally, dif- 
ferential rehearsal, 


effect of intertrial interval, 
and the effect of amount of activity in each 
trial. All have been found wanting. 

McGeoch (1942) analyzed causes of for- 
getting in LTM into four mechanisms: stimu- 
lus generalization, change of context, interfer- 
ence, and change of set. This last mechanism 
is not pertinent to the phenomenon being dis- 
cussed here. Stimulus generalization may be 


the mechanism that accounts for the forgetting 
due to change of conte 


x endi 
the stimulus is defined. * depending on how 
Of the two forms of interfere 
(PI) and retroactive (RD, 
dismissed summarily, T 
retention intery 


nce, proactive 
the latter may be 
e S's activity in the 


al was identical for each level 
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of contextual similarity, so it is difficult to ae 
how differential amounts of RI could have 
produced the context effect. deen geese. 
the 100% situation the interpolated activ! 
in effect was the second trial for that set me 
digit additions, whereas the 0% set had only 
one trial. Since two trials should have m 
duced more context learning than one, and R 
increases with increased learning of the inter- 
fering material, performance should have been 
worse for the 100% context condition than the 
0% condition. The reverse was true. J 

Although a large amount of PI from the 
previous trigram was evident, analysis of the 
intrusions from Exp. III and VI do not show 
any orderly influence of this interference on 
the contextuallevels. Clearly this is only one 
source of PI ; more remote trials or extraexperi- 
mental sources may provide the crucial inter- 
ference, although Wood (1971) has not found 
this. 

At best the distinction between context and 
the learned stimulus is arbitrary, and if the 
context is considered as part of the overall 
functional stimulus, McGeoch's (1942) first 
two causes of forgetting can be considered as 
just one, stimulus generalization. The gradi- 
ent of recall errors produced as the amount of 
contextual similarity betw 
call is quantitatively decreased produces à 


stimulus generalization decrement much as is 
found in LTM, 


If stimulus generalization is 
the cause of the context effect, as the total 
amount of contextual similarity increases, the 
improvement in performance would increase. 


This occurs in Exp. II, III, and VI, as the 
recall interval increases, (Note that Peterson 
and Peterson (1962) found that in recalling lists 
of paired associates performance decreased if 
on testing the preceding pair of words in the 
list was absent. They interpret this to be a 
stimulus generalization decrement, the stimu- 
lus being the list extending through time.) 


If the context effect is the result of stimulus 
generalization, 


the other half of the curve 
Should be prod 


uced if the 10097, condition is 
deviated from by 


adding more context to it 
rather than subtracting from it as has been 
done here. Also, discrimination training should 
sharpen the gradient, and overtraining in the 
context material should flatten the gradient. 
The quantitative context effect is not perfectly 
clear from these experiments since the effect 
of adding context is partially confounded by 
making the retention interval more predictable. 


een learning and re- 


Yet, in Exp. VI the retention interval was 
equally predictable for every trial, but the 


E 
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context effect 


nt was still present albeit di- 
minished. 


More work is needed here. 
The context effect is demonstrable S by S, 
and not just by averaging large groups. Of the 
Ss run in these experiments in within-Ss 
gns, 164 showed a difference in error scores 
a 2etween 0% and 100% context, and of these 


3 P ; 
34 gave fewer errors in the 100% context 
Situation, 


desi 


eaten: of the mechanism of the context 
ma 3 2 significance of the above find- 
strong Em , Contextual stimuli do exert a 
ec esp on people s ability to retrieve 
STM if these stimuli are attended to. 
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CONTINUOUS JUDGMENTS OF WORD FREQUENCY 
AND FAMILIARITY? 


IAN BEGG? anp EDWARD J. ROWE 


University of Western Ontario 


Three experiments are reported in which Ss made frequency or B 
judgments of meaningful words presented in a continuous ie einige 
Exp. I, the judged familiarity of 100 words was found to be logarit vee y 
related to exposure frequency, with high-imagery items receiying higher 
ratings than low-imagery items. Experiments If and III showed that judg- 


ments of situational frequency accurately reflected true 


frequency and were 


little affected by the imagery value or preexperimental frequency of the items. 


A model relating frequency judgment processes 
sented to account for the experimental findings. 


This study examined judged frequency 
and familiarity of words as a function of 
their frequency of presentation. In Exp. I, 
the relationship between exposure fre- 
quency and judged familiarity was ex- 
plored, using a variant of the continuous 
recognition memory paradigm (cf. Shepard 
& Teghtsoonian, 1961). The Ss were pre- 
sented with a list of words in which in- 
dividual items appeared varying numbers 
of times. At each presentation, Ss rated 
their familiarity with the word in question. 
In Exp. II and III, the words were pre- 
sented as in Exp. I, but Ss judged the 
number of prior occurrences of each word. 

Besides the obvious purpose of relating 
judged familiarity and frequency to the 
number of occurrences of an 


item, an 
attempt was made to assess tl 


he relationship 
of the image-arousing capacity (J) and 
Thorndike-Lorge frequency (F) of the 


words to the above mentioned measures. 


EXPERIMENT | 


Previous studies 


evic have shown that rated 
familiarity is a neg: 


atively accelerated func- 
1The Tesearch was conducted while both authors 
held National Research Council of Canada Post- 
graduate Scholarships at the University of Western 
Ontario. Preparation of the manuscript 
financed in part by National Res 
Canada Grant A8122 
are due to Allan Paivio for his encour. 
to Christine Bills, i 


was 


Thanks 
‘agement and 
ollecting the data. 
sent to lan Begg, 
aster University, 
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to recognition memory was pre- 


tion of exposure Írequency, although there 
has been some question about the precise 
form of the function. Noble (1954) found 
that the familiarity of dissyllables was @ 
hyperbolic function of the frequency O 
Presentation of the items, while Arnoult 
(1956) reported that the relationship for 
nonsense shapes was logarithmic. The 
primary difference between the two func- 
tions is that the hyperbolic curve ap- 
proaches a horizontal asymptote, whereas 
the logarithmic function does not. Smith 
and Dixon (1971) varied the Thorndike- 
Lorge F value of meaningful words in 4 
familiarity-judgment task and found that 
the ratings were more closely approximate 
by a logarithmic than a hyperbolic function: 
They concluded that “familiarity is a com- 
Parative quality of words which depends 
primarily upon an individual's ability te 
accurately estimate his relative frequency 
of encounter with various stimuli... it ap- 
pears to be a process which continues fat 
beyond the frequency limits suggested by 
Noble's work [pp. 280-281." 
The Present experiment ex 
familiarity-frequency rel 
ful words, with som 
tions. First, Ss m 


amined the 
ation for meaning" 
€ procedural modifica” 
ade familiarity judgment? 
after each word in the list was expose 
whereas Noble's (1954) and Arnoult’ 
(1956) Ss made their ratings after the 
entire list had been presented. The present 
design should permit an examination of th€ 

trial-by-trial change in familiarity of re, . 


words as a function of the number 9! 
presentations, Second, all three of the 
* t 
R 
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Studies cited above (Arnoult, 1956; Noble, 
1954; Smith & Dixon, 1971) used rating 
Scales for Ss' judgments. Itis possible that 
the use of such scales imposes an upper 
mut on the responses that is not a true 
reflection of changes in subjective famili- 
arity. Therefore, Ss in the present experi- 
Ment used a magnitude estimation pro- 
cedure, in which they used any numbers 
they wished as ratings. Additionally, 
Words varying in Z were used as stimuli in 
order to determine whether the relationship 
etween frequency and familiarity would 
* similar in the two classes or words. 


Method 


Subjects, —S} 


eum x introductory psychology students 


À ne. University of Western Ontario served as Ss 
3 part of a course requirement. 
Materials and procedure—Fifty High-I and 50 
9W-I nouns were selected from the Paiv », Yuille, 
and Madigan (1968) norms, with respective mean 
ratings of 6.39 and 3.04 on a 7-point scale. All 
Words had F values of A or AA. In constructing 
the list, 10 randomly selected High-7/ and Low-J 
nouns were each printed on 17 computer cards; 
High-7 and Low-/ nouns each on 9 cards; and 
cach on 5 and 1 cards. The 700 cards thus 
Produced were then arranged in 28 sets of 25 cards 
ee Each set was thoroughly shuffled, and the 28 
S were put together such that cards containing 
de Same word appeared in successive sets. The 
pe in which the initial presentation of an item 
sateen was randomly determined, with the re- 
Iction. that enough adjacent piles remained to 
Contain all the repetitions of a particular word. 
Russ etage of 25 intervening items appeared between 
ieee occurrences of a given word within the 


3 The complete deck of 700 cards was placed in a 
Pile in front of S, who went through the cards 1 at 
a time at his own rate. The Ss were required to 
tead each word aloud and assign to it a number 
i Tepresent how familiar they were with the word 

question. They were instructed to use any 
numbers they wished, but to maintain a relationship 

*tween the numbers they used and their subjective 
Celings of familiarity associated with the words. 
he procedure took about 30 min. 


Results and Discussion 


" Since Ss used purely subjective scales to 
Stimate familiarity, each S's responses 


Ww 
4 ere converted to z scores, and mean zs 
Vere calcul 


HE ulated across Ss. The means in- 
Dd linearly with logy frequency of 
resentation (Fr), with judged familiarity 


^ € HIGH-1 NOUNS | 
[9 LOW -1 NOUNS 
3 
2 
E F's.S21 log Fr - 225 
S (£2868) | —- 
N 
toa 
= 
o V 
S /Á 
zi ue P d 
» e 
= 
= 
| 
d 
2 — F': 478 fog Fr - 423 
u ° (r=.962) 
z -2 
< o 
w 
z 
-3 
-4 
o 
sb E 6 8 01246 
NUMBER OF PRESENTATIONS ( log,,) 
Fic. 1. Mean rated familiarity of High- and 
Low-/ nouns as a function of the frequency of 
presentation. 


(F^) = .521 log Fr — .225, r = .968 for the 
High-7 nouns, and F’ = .478 log Fr — .423, 
r = .962 for the Low-7 nouns. As can be 
seen from Fig. 1, the functions were roughly 
parallel, with High-Z words being rated as 
as more familiar than Low-7 (p < .001 by 
asign test). 

The familiarity-frequency | relationship 
for meaningful words thus appears to be de- 
scribed quite well by a logarithmic function, 
as found by Arnoult (1956) for nonsense 
shapes. The results also compare very 
favorably with those of Smith and Dixon 
(1971), who related familiarity to F. While 
the logarithmic fit to their data was not as 
good as the fit obtained here, the slopes 
of the functions are very similar, being 
close to .50 in both cases. Thus both pre- 
experimental and experimental frequency 
seem to be related to familiarity in the same 
way, and furthermore, this relationship is 


insensitive to a number of differences in 
procedure. 


Finally, the logarithmic function de- 


scribes the data for High- and Low-J nouns 
about equally well, although for some 
reason the High-/ nouns were judged as 
being more familiar than the Low-I nouns. 


EXPERIMENT II 


Experiments II and III were designed to 
examine Ss’ ability to estimate the experi- 
mental frequency of occurrence of meaning- 
ful words. Hintzman (1969) found Ss’ 
frequency judgments increased linearly 
with log Fr and Suggested, after Peterson 
(1966), that the Strength of the long-term 
memory (LTM) trace corresponding to an 
item was a function of the frequency of 
presentation of the item, Theoretically, 
frequency judgments could thus provide an 
index of the Strength of the LTM trace, 
an assumption which has been implicit 
in the work of other investigators (Under- 
wood, 1969; Williams & Underwood, 1970). 
The Ss in Hintzman’s experiment made 
their judgments after the entire list of 
words had been Presented. They were not 
instructed prior to Presentation that fre- 

quency judgments would be required, al- 
though the latter variable does not seem 
to be important, since Underwood and 
Freund (1970) essentially replicated Hintz- 
man’s findings using an intentional in- 
struction procedure, 

Before accepting Hintzman’s (1969) sug- 
gestion that LTM trace strength is a 
logarithmic function of Fr, it is important 
to isolate the locus of Ss’ failure in accuracy 
at higher and lower levels of Fr, It could 
be that Ss cannot keep track of the number 
of times each item has occurred 
trial-by-trial Presentation 
logarithmic relationship would reflect short- 
term memory (STM) influences, Alterna- 
tively, given that Ss can keep an accurate 
count of the number of times each item 
has occurred durin presentation, the 
mechanism underlying frequency estima- 
tion might change Systematically in the 
interval between the ast presentation of 

an item and the time at which judgment is 
requested, thus implicating the influence of 
LTM Processes alone, S à test of these 
alternatives, the continuous-judgment par- 
adigm was used in the Present experiment 


during 
; in which case the 
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to study the trial-by-trial incrementat ion iS 
frequency in detail, with Ss judging “a 
frequency of each item immediately done 
ing its presentation. In the present usage: 
STM is defined as the interval between 
presentations of an item, while LTM is 
defined as the cumulative interval over re- 
peated presentations. 


Method AA 


* 
Subjects.—Six Ss were selected from the B. 
population as in Exp. I. . { T 
Materials and brocedure.—The materials from m 
first experiment were used. Each S went through 
the deck of 700 computer cards at his own rate. 
The words were read aloud, and S gave a numpe 
to represent how many times each item had Deene 
previously in the list, That is, the correct response 
on the initial presentation of an item was “zero, 
on the second presentation "one," and so on. 


Results and Discussion 


Median judgments were calculated across 
the six Ss for each level of Fr. These are 
plotted separately for High-7 and Low-Z 
nouns in Fig. 2, with the line in the figure 
representing perfect accuracy. The judg- 
ments showed no tendency toward an 
asymptote and were, in fact, almost per- 
fectly linearly related to Fr, r = .997 for 
both types of items. The difference be- 
tween High-7 and Low.7 nouns was not 
as large as in the familiarity ratings of 
Exp. I, but High-7 nouns were rated as 
having occurred more frequently at 12 of 
the 14 frequency levels where there were no 
ties (p < .05 by a sign test), 

The function relating frequency judg- 
ments to frequency of Presentation thus 
appears to be linear in a short-term task, 
rather than logarithmic, as found by Hintz- 
man (1969) in a longer-term task. This 
Suggests that the logarithmic function is 
a result of the delay imposed between item 
presentation and judgment, ie, LTM 
influences, 

The present findings also allow an evalua- 
tion of Smith and Dixon's (1971) sugges- 
tion that familiarity ratings reflect the 
ability of Ss to estimate exposure frequency 
accurately, If this Were true, the form of 
the frequency function in Exp. II should be 
similar to the familiarity function of Exp. 


™ . 
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uri, the relationship between judged 
and Hi i : equency should be logarithmic 
aving m items should be judged as 
ow-7 Pia more frequently than 
receive higher Pin hile High-7 words did 
Present d € frequency estimates in the 
much less portent, this difference was 

8S pronounced than for the famili- 


arity jud 1 
,JCgments; in additi ` functi 
re ating ; lition, the function 


arity 
ds Judgments are not determined solely 
: ability to estimate Fr accurately. i 
memory er to examine 4 recognition 
é FM ne mance by considering only 
tst or. Ses to words presented for the 
9 | any nonzero re- 
an item on its first presentation 
alse alarm, and any nonzero re- 
.; 9 4 Second presentation being a hit. 
hit nouns were associated with higher 
ürm ced versus .850, lower false 
Wen tly, T -113 versus .163, and, con- 
d » higher corrected hit rates than 
ory ba HR. regardless of whether high-, 
are inyg| shold correction. assumptions 
249 Pie e The hit data are based on 
. py Yations and the false alarms on 
ment à fate are presented with no as- 
XDerim a the reliability of the differences. 
of Ry Fa IH was partially a replication 
T enabling the reliability of the 
Nee re assessed directly. 
Merica] Probability of an exactly correct 
hg ement should also favor 
ap d appro. pence such probabilities 
r increases zero for both levels of Z 
(Pe) x F. or both word types, ac- 
Or ip Ses = am ed linearly with log Fr, 
B © Nighy log Fr + .776,r = —.934 
two 21, p * Nouns and Pe = —.618 log Fr 
With ctione., -959 for Low-J nouns. The 
gte ii E not differ much in slope, 
: : ; 7 
feat * thro. nouns having about a 5% 
Weng: ighout most of the range 
y les. Overall, Pe was greater 
S th; 3 d oe 
A ( s tan Low-/ nouns in 13 of 17 
l ` 05) 
' © Tecognition favored High-7 
the forse it would be expected 
?rtion of judgments which 
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Actual and judged number of prior pre- 
sentations of High- and Low-/ nouns. 


Fic. 2. 


underestimate true frequency (Pu) would 
be higher in the case of Low-/ items. For 
both levels of imagery, Pu increased linearly 
with log Fr, Pu = .275 log Fr + .041, r = 
.946 for High-Z nouns and Pu = .333 log Fr 
+.090, r = .911 for Low-/ nouns. The 
correlations were calculated without con- 
sidering the first presentation of an item, 
since it was not possible for Ss to under- 
estimate that occurrence. Therefore, the 
y-intercept values of the regression lines 
are meaningless. A more meaningful 
measure is the y ordinate of the regression 
line at Fr = 2 (log Fr = .30103), which 
yields .124 for the High-7 and .190 for the 
Low-/ nouns. To the extent that under- 
estimation reflects forgetting, Low-/ nouns 
were forgotten more often throughout the 
task, i.e., in 15 out of the 16 comparisons 
(p « .05). 
EXPERIMENT III 


In Exp. HI, Z and F were varied fac- 
torially in the continuous judgment task 
in an attempt to test both the replicability 
and the generalizability of the results ob- 
tained in Exp. Il. Considering High-F 
words alone, several predictions are clear. 
First of all, High-/ and Low-/ nouns should 
not differ appreciably in median frequency 
judgments, which should approximate true 
frequencies. Second, / should be positively 


"e 


52 


: hit rates and negatively related 
CH aera Third, the proportion of 
exactly correct judgments should decline 
linearly with log Fr, with the regression 
lines for High-J nouns having higher inter- 
cepts than the lines for Low-I Qu 
Finally, the proportion of frequency juc g 
ments which underestimate true frequency 
should increase linearly with log Fr for 
both levels of Z, with the Low-I nouns 
underestimated more often that High-7 
nouns. These effects attributed to J 
should also generalize to Low-F words. 

If the effects obtained for imagery in 
Exp. II are a reflection of the recogniz- 
ability of the words, analogous results 
would be expected for the F variable. Phat 
is, since F is negatively related to recognition 
memory (eg., Allen & Garton, 1968; 
Shepard, 1967), the positive effects of J 
obtained in Exp. II should be mirrored by 
negative effects of F. Thus, hit rate should 
be a negative function and false alarms a 
positive function of F; the proportion of 
exactly correct judgments should be de- 
scribable by a regression line having a 
higher intercept for Low- than for High-F 


words; and underestimates should be higher 
for High-F words than for 


Low-F words. 

In sum, Exp. III was an attempt to (a) 
replicate the effects of 7 obtained with 
High-F nouns in Exp. II, (b) extend the 
generality of the effects to Low-F nouns, 
and (c) conceptually extend the results to 
F, a variable having opposite effects on 
recognition memory, thus allowing the 
conclusion that recognition memorability 


is) ai necessary precursor of frequency 
incrementation, 


Method 


Subjects —S} 


A same pool 
as those in the firs 


ouns varying fac- 

nd F were selected 
: + (1968) norms, with 25 nouns 
representing each combination of high and low I 
and F. The High-7 nouns had mean [ ratings of 
6.35 and 6.32 for the High-F and Low-F we 
respectively, while the c 


al 


* words, 

rresponding ratings for the 

Low-I nouns were 3.06 and 3.05. All High F nouns 
had F values of 


A or AA, 


than 10 Per million b 


Five randomly 


had values of less 


and the Low-F 
dike-Lorg 


nouns 
y the Thorn- 
selected words 


€ G count. 
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or cards 
of each type were printed on 16 aW pe 1 
five each on 8 cards, and five on cach o Eh S 
cards. The 620 cards were arranged in i cards 
25 cards each and 1 set of 20 cards, lE cute 
containing the same noun placed in conte alte 
sets as before. The sets were thoroughly gi inst 
and put together, with the set of m i 
The instructions and procedure were m s sa 
those of Exp. II, with each S serving for 62 


Resulls and Discussion 


The median frequency judgments, a 
culated across Ss, are plotted in Fig. "n 
with the line in the figure represento a 
perfect accuracy. The correlations fof | 
tween actual and judged frequencies a 
the four word types were all greater tha | 
98. High-/-High-F nouns were rated i 
occurring more frequently than Low- a 
High-F nouns in 11 out of 14 non-tied co 
parison (p = .06 by a sign test) and, as A 
Exp. II, the absolute differences were E. 
large. These same Low-/ nouns W di 
rated as having occurred less frequent! 
than their Low-F counterparts in 10 b 
of 14 comparisons. Again, the differen?” t 
were small. It is thus safe to conclude that 
running frequency estimates, on the ave” 
age, approxim 
closely and 


EAM ory 
ate true frequencies os 

x ; gre 
are not affected to any gre 
extent by item characte 


ristics. AE | 

The recognition memory results, € "m 

culated as in the previous experimen” 
closely 


replicated 


» Tor 
those findings. I 
High-F nouns, J w; 


as positively related i 
hits, .867 versus -950, and negatively f r 
lated to false alarms, NUUS 
exactly as in Exp, Il. The direction p 
each of these effects extended to Lori 
nouns, with hit rates of .967 and .983, “al 
false-alarm rates of .080 and .033, althovr , 
the difference in each case was considera edi 
smaller. "The effects of F, as expect^ 
Were the reverse of the imagery effec y 
Within High-7 nouns, F was negative 
related to hits, .983 versus .950, and Pee 
tively related to false alarms, .033 yere d 
073. The Same directional results 67 
tained with Low-J nouns, with hits of - ; 
and .867, and false alarms of .080 and ative 
The positive effect of Z and the nega de 
effect of F were about equal in magnitu. , 
The effect of 7 Was most pronounce 


-180 versus 


| 


Ec 
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High-F words, while F was most effective 
in Low-/ words. 

If the results of the analysis of proportion 

correct in the previous experiment reflect 
memorability of the nouns, the positive 
effects of I on the intercept of the regression 
line should occur in the present experiment 
at both levels of F, and there should also be 
a corresponding negative effect of F. The 
results were in accord with prediction. All 
correlations between Pe and log Fr were in 
excess of —.95. The highest intercept 
value was found for High-/-Low-F (Pe = 
—.858 log Fr + .958), followed in order by 
High-I-High F (Pe = — .776 log Fr + 
887), Low-I-Low-F (Pe = — .721 log Fr 
-E.841), and Low-/-High-F (Pc = — .630 
Xlog Fr + .709). 
. With underestimates, more memorable 
items should be associated with lower inter- 
cept values (at log Fr = .30103) than less 
memorable items. All correlations between 
Pu and log Fr exceeded .93, and the order of 
corrected “intercepts was the reverse of 
those in the Pc data, with Low-/-High-F 
being highest, then Low-/-Low-F, High-/- 
High-F, and High-/-Low-F. The respec- 
tive intercepts were .167, .056, .043, and 
.039, with regression equations of Pu= 
.486 log Fr +. 021, Pu = .532 log Fr — .104, 
Pu = 505 log Fr — .127, and Pu = .581 
X log Fr — .136. As in the Pe data, the 
slopes were generally converging. 


GENERAL DISCUSSION 


AS this section, the results will first „be 
8f m ed in brief, followed by a consideration 
G5 Ore general issues. The first experiment 
Contributed one major result: namely, that 
adged familiarity of words is a logarithmic 
Ane of their exposure frequency. „That 
puis a nenos familiarity relationship re- 
fear Ao ogarithmic regardless of whether (a) 
voor acid is defined by frequency of experi- 
i ux cr d or frequency of occurrence 
uer en Smith & Dixon, 1971), (b) famili- 
Stimate efined by an open-ended magnitude 
dudsient gee or a fix d-end rating-scale 
1971), or (c) Arnoult, 1956; Smith & Dixon, 
nonsense els the stimuli are real words or 
s pes. 

a qnd e third experiments provided 

esults. In the first place, the 
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Fic. 3. Actual and judged number of prior pre- 
sentations of High- and Low-J and F nouns. 


median judgments of frequency were almost 
identical to the true frequencies for all word 
classes. Hence, all repetitions of the items, 
on the average, produced increments in what- 
ever internal state corresponds to exposure 
frequency. It is interes ing to note that the 
familiarity ratings from p. I do not show a 
similar linear increase, suggesting that running 
familiarity ratings are not determined directly 
by subjective frequency. 

A class of results obtained in the second and 
third experiments can be summarized in terms 
of their relationships to the recognizability of 
the words. It is already known that Z and F 
have opposite effects in recognition memory 
experiments. Consequently, variables which 
are coincident with recognition should have 
opposite relations with Z than with F. A num- 
ber of such variables were discussed in the 
Results section of Exp. LEL. 

The results raise questions concerning the 
relationship between frequency judgments 
and the memory trace or, more generally, how 
repetitions are coded in memory. Assume that 
the initial presentation of an item establishes 
a memory trace. Hintzman and Block (1971) 
discussed two possibilities: whether subsequent 
presentations of that item cause the trace to 
become stronger or whether they cause new 
traces to be formed. They decided on the 
basis of their data that the second possibility 
is more likely. Their argument will not be 
duplicated here but will be for the most part 
accepted. The question then boils down to 
one of how the new trace is related to the 
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initial one. The process of ConBnüous fre- 
quency judgments might best be conceived e: 
comprising three stages. In the first stage, . 
must recognize a given presentation of an 
item as being a repetition. Following this, 
a paired associate is formed in which the stimu- 
lus term is the item and the response term is a 
number (probably “one” on the second pre- 
sentation). On each subsequent presentation 
of the item, S must be able to retrieve the pair 
consisting of the item and its number, incre- 
ment the numerical associate by one, and read 
out the new response term. Anecdotally, some 
Ss in Exp. II and III, upon a presentation of 
an item, would remark "What did I say last 
time?" Of course, the proposed model needs 
explicit testing before it can confidently be ap- 
plied as an explanation of the frequency judg- 
ment process. : 
Finally, the results of the experiments re- 
ported here have implications for verbal dis- 
crimination learning, where situational word 
frequency has been viewed as the dominant 
attribute affecting performance (Ekstrand, 
Wallace, & Underwood, 1966; Underwood & 
Freund, 1970). It has been argued that the 
comparative case of learni 
I word pairs in this 
terms of fr 
Paivio, 1971). 


gments than Low-J 


Words in Exp. II, the absolute differ 

small compared to diffe 

typically observed in discrimination learning 

and were actually not significant in Exp. III. 
lso, on the first two or tl 

Present study, there w. 

able to imagery 


ences were 
rences in performance 


the Imagery effect is typic. 
first or Second trials. Thu 


ot amen. 
tion in terms of Situatior 
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a RECOGNITION MEMORY FOR PERCEPTUALLY SIMILAR PICTURES 


IN PRESCHOOL CHILDREN ! 


ANN L. BROWN? axp JOSEPH C. CAMPIONE 


Children's Research Center, University of Illinois 


A continuous recognition memory task was employed in three experiments 
with preschool children. On test trials, the stimuli were from one of three 
categories, new, old-identical, or old-similar. The latter category consisted 
of pictures of a character seen previously (hence old) but now shown in a 
similar, but different, pose. Experiment I investigated short-term (within 
à session) retention, and Exp. Il and III investigated retention over longer 
periods (up to 7 da In general, the data from Exp. I and IlI indicated 
that Ss were able to dis riminate identical and similar recurrences of a central 
character even up to a T-day retention interval, demonstrating that con- 


for an extended period. 


difference incre: 
attributed to 
tendency to r 
obtained in E; 


a response bi 


Recent Studies of recognition memory 
jo nat that the ability to identify repeat- 
S Pictures is well developed in preschool 
E dren, Children’s recognition of items 
cpcating within a session (Brown & Scott, 
End Corsini, Jacobus, & Leonard, 1969) 
ver retention intervals up to a month 
ie & Scott, 1971) is comparable to 
€ported for adults (Nickerson, 1965, 


g - 
1968 i Shepard, 1 967). 
Ments, 


Deen 
In th 
een 


Su 


with background details mini- 
Further, these studies tended to 
One exemplar of each item within 
= ory (e.g., only one lion in the animal 
Ty). As such, these studies may not 
alistic estimate of the children's 
capacity. For example, Reese 
Children, . Suggested that memory in young 

= 15 n terms of an iconic representa- 
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as both stored initially and retained 


g 
In Exp. II, Ss consistently responded correctly on 
old-similar items but made more errors on old-identical items, with this 
sing with longer retention inter 
i.e, with incre: 
pond SIMILAR rather than IDE» 
s. IIL supported this interpretation. 


vals. This divergence v 
ng retention interval, Ss’ 
AL increased. The results 


TI 


tion, the details of which fade with time, 
(“leveling”), leaving only a figurative image 
(dog, lady, lion) stripped of idiosyncratic 
features. If such were the case, the use of 
pictures emphasizing distinct central char- 
acters would not provide a realistic estimate 
of children’s capacity. Also, it may be the 
case that the use of simple pictures stressing 
one focal character or object aids the young 
child in abstracting the critical features of 
the item for later comparison. To inves- 
tigate either possibility, it would be neces- 
sary to investigate children’s performance 
in a situation where the pictures entered in 
the stimulus pool were not as distinct from 
each other. 

Little is known about the effect of picture 
similarity and recognition accuracy even in 
adults. However, studies of recognition of 
isolated words and connected discourse 
have attempted to specify stimulus simi- 
larity in terms of the critical features of 
storage. Possible analogues for picture 
recognition may be found in this literature. 
One method of determining similarity 
among input words has been to discover the 
type of words which lead to false recogni- 
tion that a new (distracter) item is old. 
Common associates of target words have 
produced significantly more false recogni- 
tion responses than control words in both 


children (Hall & Ware, 1968) and pue 
(Davis, 1967; Underwood, 1965). Anis e i 
& Knapp (1968) explain their finding ee 
increased false recognition of synonyms o 
target words by Suggesting that the word as 
a whole is not the unit of storage. The 
word is stored as a complex of its constitu- 
ent features, such as semantic, syntactic, 
phonological, or orthographic features. 
These features are stored independently 
and are subject to differential decay rates. 
False recognition occurs when a match is 
made between a distracter word and a 
target word which are alike on one or more, 


but not all, features. An analysis of which 


feature similarities lead to a mismatch pro- 


vides information concerning which critical 
features of the word have been stored and 
which fade with time. There is some 
evidence that for long-term Storage, ver- 
bal material is encoded according to 
its semantic fea recogni- 


itures, Studying 
tion of Sentences, Sachs (1967) found 
antic features of 


that changes in the sem 
à sentence continued to be recognized 
over time, while Syntactic changes were not 
as well remembered. 

If words are Stored 


according to certain 
critical features, 


are pictures Similarly 
Stored in terms of features or as wholes? 
Again, this question can best be asked for 
Pictures, as it is for words, by varying the 
similarity of the distracter items to the 
target item and analyzing any subsequent 
false recognition responses, In this paper, 
one form of similarity was investigated. 

he question Was: Are pictures Stored in 
terms of some Such as the 


aracter also 


ils minimized, 
either an identic 
the same character 4 

pose or a similar tes 
acter (same clothes 


' Same colors 
peared in 


m » etc.) ap- 
a similar pose « 


something 
different,” The action of the character had 
changed. An immediate Within-session 
test of the ability i 


Y to distinguish between the 
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sided in Exp. L 
two types of items was prov ied in E 
In Exp. II and III long-term pu. E. 
these critical features of the pictt 
tested. 


EXPERIMENT | 
Method 


9 


ildren, 
Subjects—The Ss were 15 e h m to 
boys and 6 girls, They ranged in age fro 3-yr.-olds 
mo., with a mean of 52. Two further 3 nd were 
were unable to understand instructions ar 
ropped from the experiment, „ther 
; Stimulus malarial — Colored pictures a a 
people or animals were cut from children 


ck 
À x 5.2 em. bla 
and pasted in the center of 35.6 X a pee 
posterboard cards, Xr 


There were two e nlicates 
stacks of 110 cards each, consisting of 50 n6 T. 
and 10 single (filler) items. Half of the EM. licates 
Were identical pairs and the remaining Me i: 
were similar pairs (i.e., the same character o 


e ^ . n oses/* 
in both pictures of a pair but in different p 
A further 


er: five 
k of 20 cards, consisting TS in 
. . " c " E (o as us 
identical pairs and five similar pairs, was 


Pretraining, 
Procedure—The 
ordered so th 


e 
acks wet 
two experimental stacks Wé 


sentation 
at the lag between the prena a he 
of the first and second item of a pair Wee each 
0, 5, 10, 25, or 50 intervening pictures. ach lagi 
Stack, there were 10 items recurring after Mae er 
of these, 5 items were identical to the first noian 
of its pair and the remaining 5 items were sir ide 
Each S$ was tested on both stacks and thus PEO Td 
10 observations for identical and 10 for similar "m 
at cach of the five | The pictures were furt 


ags. d 
ordered so th, e block of 


at within ca 


ach succe urred: 
cards an equa] number of Lag 0 and 5 items occ as 
ests of the remaining | 


ags were di ributed f 
hout the series, i ol 
a greater proportii th 
in the latter part © ore 
ade to avoid runs of UN 
ns in a row, and the propor le 
was kept approximately sta 


«ds. 
‘ae ar 
Pretraining stack (20 ca h 


evenly as possible throug’ 
necessary restriction that 
the long lag tests occurred 
Series, An attempt was m 
than three new iter 
of old to new items 
across blocks, The 


Was ordered so that the second member of bor 
identical and similar pairs occurred after a lag 
either 0, 2, or 5 intervening items, isted 
Each S was run individually, Day 1 consis ta 
of the Pretraining stack plus one of the experimen ai 
stacks. Both of these stacks were placed face do at 
in front of S. The E turned the cards over e 
à time and Waited for S's response. Approximat ch 
5 and respond to ee 
» S was instructed Wr "pie 
n the character before and No do 
€ character before. If he gespen 
YES, he was further required to say whether pn 
Seen the Character doing "exactly the same t Ps 
or "something different," After the first D ES 
the majority of 5s spontaneously provide him 
additional information (e.g., "Yes, I've E him 
before, but now he is running," or “Yes, I saw 


YES if he had s 
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Just like that."). As each repeat occurred in the 
Pretraining stack, E returned to the lirst occurrence 
ol that item and said, “Yes, It's exactly the same," 
or "No, look, he(she) is doing something different.” 
Following pretraining, Ss were assigned randomly 
is one of the two experimental stacks. Here E no 
nod indicated that S's response was correct or 
correct by returning to the first occurrence of a 
picture, „Knowledge of results was not given, but 
periodically indicated that S was “doing fine.” 
n the following day, the second stack of cards was 
Rote, following a review of the pretraining 
ME n completion of each series, S chose a small 
ard item from a collection of 10€ toys. 


Results 


ae repeating items, a correct response 
quired that S indicate (by saying yes) 
E he had seen the character before and 
rectly class it as identical or similar to 
!* previous occurrence of that character. 
t Xe proportions of correct responses for 
le identical items were .99, .99, .95, .91, 
and ,89 for lags of 0, 5, 10, 25, and 50, re- 
Spectively, The corresponding figures for 
e similar items were .99, .98, .93, .95, and 
A3 (Lag) X 2 (Test Type) X 15 (Ss) 
alysis of variance was conducted on the 
p mber of errors on a lag of 10, 25, and 50 
Sms. Laes 0 and 5 were excluded, since 
m Was virtually no variance in these 
alth, None of the effects were reliable, 
nif ough the lag effect approached sig- 
ae, F (2, 28) = 2.80, 10 > p > .05, 
E ating a tendency toward increasing 
of d rates with longer lags. The effect 
M ag was further investigated by compar- 
8 performance on Lag 0 and 5 items with 
Performance on Lag 25 and 50 items. All 
m 15 5s Were more accurate on the 
fale or lag items (p < .01, sign test). The 
i Er alarm rate, the proportion of new 
with classed as old, was extremely low, 
! only 13/1800 such errors occurring. 


an, 


Dj, . 
*Scussion 


cong, data are clear in demonstrating that 
On the rable detail of the pictures was stored 
Wit aa kinal presentation of an item. Even 
Could “88 of 50 items, the probability that Ss 
Sos 


identify the second member of the pair 
Member identical or similar to the initial 
Wit .Temained around .90. Thus, even 
Able; Mtervening pictures, Ss were not only 


tesar : 
*cognize that they had seen a certain 
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character before, but were capable of reporting 
whether or not he (she) was doing the same 
thing. However, it is possible that the high 
levels of performance were due to the fact 
that the pretraining and use of a continuous 
recognition procedure "set" Ss to look for 
details of the pictures. That is, the pretraining 
warned Ss that small changes in detail would 
be important. Specifically, they were warned 
that action changes would be important, as 
they were informed that on some occasions the 
character would be seen "doing something 
different." Experiments II and III avoid this 
problem by presenting all the pictures initially 
before Ss are given information regarding the 
importance of such changes. 

Given that there was some evidence of a 
decline in performance at the longer lags, 
Exp. II was conducted to determine whether 
this resistance to interference from similar 
items would be maintained with longer reten- 
tion intervals, up to 7 days. If Reese's (1970) 
suggestion is correct, we would expect that 
the ability to distinguish similar from identical 
items would disappear with longer retention 
intervals. 


EXPERIMENT II 
Method 


Subjects.—Vhe Ss were 21 preschool children. 
Three children were dropped from the experiment, 
1 for failing pretraining and 2 for failure to reach 
criterion on an immediate retention test. The re- 
maining 18 Ss, 9 boys and 9 girls, ranged in age 
from 39 to 59 mo., with a mean of 51. 

Stimulus materials.—The stimulus materials were 
similar to those used in Exp. I. Colorful pictures of 
people and animals were cut from children's books 
and pasted on black posterboard cards. "There were 
80 pairs of pictures, 40 identical and 40 similar, and 
80 individual pictures, for a total of 240 pictures. 

Procedure.—All testing was done individually, 
with the experiment being conducted in two phases. 
The Ss were initially shown an inspection stack of 
80 pictures, one from each of the pairs of pictures 
available. They were told to look at them care- 
fully, as they would be required to remember them 
later. Immediately following the inspection series, 
were presented a 20-item pretraining stack con- 
sisting of 10 old items (5 identical and 5 similar toa 
picture that had occurred in the inspection series) 
and 10 new characters which had not occurred 
before. As in Exp. I, Ss were trained to respond 
yes to both identical and similar items and No 
to new items, and to indicate whether an item was 
identical or similar following a ves response. 

Following pretraining, an immediate test of 20 
items was given to ensure that the pretraining task 
was sufficient to introduce Ss to the rules of the game. 
This stack also consisted of 10 old items (5 identical 


TW 
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and 5 similar to an item in the inspection d 
and 10 new items. The Ss were required to respon | 
correctly 80% of the time to each of the three ty e 
of items before being permitted to continue. ie ae 
Ss were given 10¢ toys at the end of the imme late 
test and told that they would rcturn later to sec how 
well they remembered the pictures. 

The Ss were randomly assigned to one of three 
retention intervals: 2 hr., 1 day, or 7 days. At 
the designated interval, each 5 was shown the pre- 
training stack again and reminded of the rules of 
the game. Following this, the retention stack was 
presented. This consisted of 120 pictures, 60 old 
items (30 identical and 30 similar) and 60 new items. 
Again, Ss were required to respond yes to all old 
items and No to new items. If they responded 
positively, they were further required to indicate 
whether the item was identical or similar (exactly 
as in Exp. 1). No knowledge of results was given, 
but E periodically indicated that Ss were “doing 
fine." A 10¢ reward item was provided at the end 
of the session. 


Results 


On each trial, Ss were 


required to respond 
either YES 


if they had seen the central 
character before or No if they had not; if 
they responded vrs they were further re- 
quired to class it as either identical or 
Similar to the previous occurrence of that 
character. These two aspects of the re- 
sponse will be treated separately. 
Regarding the initial yr: 
correct response for either 
similar item was YES, for 
Figure 1 shows the 
responses as a funct: 
retention interval, 


—NO decision, a 
an identical or 
à new item, No. 
proportion of correct 
ion of item type and 
The probability of cor- 
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m Rut ai correctly. 

The conditional probabilities of correa 
g identical and similar items given tha 
had previously been identified as old. 


identify 
the item 


rectly identifying a new item remains con 
sistently high, while the probability of cor- 
rectly identifying either an identical oF 
similar item as old drops with time. 

A 3 (Retention Interval) x 2 (Item 
Type) mixed analysis of variance was COM 
ducted on the errors on the old items only 
Performance. decreased significantly as ? 


function of retention interval, F (2, 15) 
= 21.00, p < .001, but 


there was no reliable 
difference as a function of item type. 1 
Given that S responded yrs to an ol 
item, he was further asked if it was identica 
or similar to a previously seen item. Figure 
2 shows the conditional probability that 
this response was correct, given that S re 
sponded yes, as a function of item type an 
retention interval. The probability of re 
sponding SIMILAR to similar items remain 
high across retention intervals, but the 
probability of fo 
identical ite 
The reliabili 
by 


Con- 
fi impression, the Ite™ 
Type X Retention Interval interactio" 
) = 482, p < .025: 
mance was relatively 
al items at longer lag$ 
main effects due to item 
sd = 33.09, p< .001, and re- 
tention interval, F (2,15) = 5.22, p < .025. 

Contingent performance measures —The 
ata which have been presented thus far 
have been the a priori data, the proportions 
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prone responses as a funct ion of type of 
bie Eu aon b(R.IS,) may be read as 
un E that S responded SIMILAR 
Rnd a(R IS stimulus was in fact similar, 
sponded T ) the probability that S re- 
Wasidenti-. TICAL, given that the stimulus 
S entical. Thus, P(R,1S.) remains con- 


sist s : : 

nie high across retention intervals, 

m A ene declines with retention 
a’ One additional way of zi 

at the dat | way of looking 


Is to investigate the a posteriori 
the accuracy rates as a function 
S response. If this is done, a clear 
emerges. The probabilities of S's 
ce given that he responded 
“CAL, Le, P(Si| Ri), were .97, .95, and 
ntion intervals of 2 hr., 1 day, 
ing ema respectively. The correspond- 
sneer P6 R.) are .92, .80, and .75. 

1 the es pattern of results was obtained 
PR fe or YES-NO decision. Letting 
and "n" stand for old and new, re- 


Measures, 
1 


trend 
cing 


a) remains constant across reten- 
h pacer whereas P(Ro|S.) declines 
,» ition interval. Again, however, 
Wi kr Ro) remains consistently high, 
i Values of .97, .95, and .95 at retention 
etu of 2 hr., 1 day, and 7 days, re- 
ith > The P(S,|R,) values decline 
99 retention interval, the figures being 
1583, and Ju. 
Discussion 
items” Probabilities of recognizing old and new 
(Browne be compared with previous data 
Parable 5 Scott, 1971) obtained under com- 
Mterya Conditions, At the 7-day retention 
ee ELE recognition of old items was 
lem)" Yeraged across identical and similar 
tion of compared with 78% correct recogni- 
fe Vidis y Darable once-seen items reported 
Cy ee , Similarly, the probability of cor- 
nat à new item was the same 
st es (.96). Thus, the addition, 
Y, of both identical and similar 
e ho not influence the ability to 
en Tring characters. 


T similar is considered, a puzzling 
emerges. The probability 
a similar item (as similar) re- 
-95 across retention intervals, 


but the probability of correctly identifying an 
identical item (as identical) fell to .68 at the 
longest interval. While it is possible that with 
longer retention intervals Ss are less able to 
tell identical from similar items, this would 
not lead to the large difference between iden- 
tical and similar items. If Ss were simply 
less able to make the discrimination, perfor- 
mance would be impaired on both types of 
items. 

One possible explanation of this difference 
lies in terms of a response bias. At all retention 
intervals, Ss made more sIMILAR than IDEN- 
TICAL responses, with this difference increasing 
with retention interval. The percentages of 
similar responses were .52, .60, and .64 at 
retention intervals of 2 hr., 1 day, and 7 days, 
respectively. As the retention interval in- 
creased, details of the stored image would 
presumably fade. In time, all recurring items, 
whether identical or similar, would appear 
only similar to the remains of the original 
trace. Consequently, Ss would have to adopt 
some criterion of sim y against which to 
judge which items are identical (very similar) 
and which items are similar (less similar) to the 
original trace. It appears that these Ss adopt 
a very conservative criterion for terming an 
item identical. In essence, if they are sure 
the item is identical, they term it IDENTICAL; 
if they are unsure, they respond SIMILIAR. At 
longer retention intervals, details of the stored 
image have presumably faded, and fewer of 
the identical test items meet this conservative 
criterion, with the consequence that the 
number of similar responses increases. Some 
evidence consistent with this interpretation 
comes from a consideration of the contingent 
response measures. The probability that an 
item was in fact identical, given that S re- 
sponded IDENTICAL, was consistently around 
.95, whereas the probability that the item was 
similar, given that S responded SIMILAR, 
dropped to .75 at the 7-day retention interval. 
That is, while Ss are on occasion wrong when 
they respond sIMILAR, they are almost never 
wrong when they respond IDENTICAL. Again, 
this suggests that 5s maintain a very conser- 
vative criterion for terming items IDENTICAL. 

More relevant to the present question, the 
operation of such factors may make it imposs- 
ible to use the continuous recognition memory 
procedure to obtain an accurate (criterion- 
free) estimate of Ss' ability to distinguish 
similar from identical items. One alternative 
would be to use a forced-choice procedure as 
a way to minimize the criterion difficulties. 
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EXPERIMENT III 


In Exp. III, the basic design of Exp. Il 
was repeated using a modified forced- 
choice procedure which allowed the in- 
clusion of the major features of the Exp. II 
procedure. On each test trial, two pictures 
of the same character in different poses were 
presented, and Ss were required to tell if 
they had previously seen that character. 
Thus, Ss were still required to indicate old 
and new items by the continuous recogni- 
tion procedure. If Ss said they had seen 
the character previously, they were further 
required to point to the specific picture 
they had seen before. 

Thus, Exp. III was conducted in part to 
extend the results of Exp. II and to obtain 
an additional estimate of Ss' ability to dis- 
tinguish similar and identical items. Fur- 
ther, if the results obtained in Exp. II do 
reflect the operation of a response bias, it 
would be expected that performance on the 
forced-choice tests would lie between per- 
formance on the identical and similar items 
in Exp. II. The response bias would have 
tended to inflate performance on the similar 
items and depress performance on the 
identical items. The elimination of the 

response bias through the use of a forced- 
choice procedure should result in perform- 


ance level midway between those obtained 
in Exp. II. 


Method 


Subjects.—A new sample of 20 preschool children 
were tested, and 18 Ss, 10 boys and 8 girls, passed 
both pretraining and the immediate retention test. 
They ranged in age from 41 to 65 mo., with a mean 
of 57. 

Stimulus materials.—The stimuli again consisted 
of pictures of people and animals cut from children's 
books. There were 80 triple sets (AAA, consisting 
of two identical poses of some character and one 
similar pose of the same character) and 80 double 
sets (BB', consisting of two similar poses of the 
same character), The inspection series consisted 
of 80 cards, each containing one picture pasted in 
the center. These single Pictures were the first A 
members of the triple sets. The pretraining and 
retention stacks consisted of cards which contained 
two picture: Zach card contained one character 
in two different posi For the old items, the second 
and third members of the triple sets (A and A‘) 
were used, so that one pose was identical to that 
in the inspection stack and the remaining pose was 


similar. The new cards contained the double p 
(BB’), consisting of two poses of a UN e 
seen in the inspection set. Thus, the r i o 
contained old characters and the BB’ cards 
tained new characters. š 
Procedure —The experiment was conducted in E. 
stages. The Ss were first shown the inspection se p 
consisting of 80 single pictures (exactly the A 
as in Exp. I). These consisted of the to-bi ai, 
items which were one of the identical members 
of the triple sets. H 
For the pretraining, immediate test, and retenti 
test the same kind of items were presented. [ Eo 
were two types of items, old and new. Both % 
and new items contained two pictures consisting i 
two different poses of the same character. On oa 
items (AA’), one of the poses (A) was identical à 
picture that had occurred in the inspection set, à 
other picture (A’) was of the same character va 
similar pose. On the new items (BB‘), there W no! 
two similar poses of a character that had E. 
occurred before in the inspection series! AS Me 
card was presented Ss were asked, “Have you rel? 
him(her) before?" If they responded positive he 
they were required to point to the one exactly the. 
same as the picture they had seen before ™ ged 
inspection series. They were periodically rem" E 
that the picture must be exactly the same: 
must be doing the same thing. . pre’ 
During pretraining a stack of 20 cards was uw. 
d, 10 old cards and 10 new. The 55 MT 
ned to respond YES to characters seen M idi 
inspection series and No to new characters 57 
following a ves response, trained to point tO en 
identical po: Following pretraining, Ss were 8? 1d 
an immediate retention test consi ting of 1 á 
and 10 new cards and were required to reach 
80% criterion of correctly identifying new from D. 


7 mo *Aontic? 
items, and 80% correct on pointing to the ident! 
picture. 


The Ss who pa 


ye 
ed both pretraining and h 
immediate test criteria were randomly assigned 
one of three retention intervals of 2 hr., 1 day 

7 days. At the designated interval, Ss were ‘A 
shown the pretraining pack and reminded of b. 

game. Following this, they were presented a part) 
containing 120 cards, 60 old (AA") and 60 new (B of 
items. No knowledge of results was given. 


7 ting 
toy was provided as a reward following both test! 
sessions, 


Qs 


Results 


On each test trial, Ss were shown » 
similar poses of the same central charact! 
They were first required to indicate whet” 
or not they had seen that character befor” 
The percentage of correct responses on 0", 
and new items as a function of retenti? 
interval is shown in Fig. 1. As can be sec! 
the Probability of correctly identifying | 
new MSM Téllidiis high across retenti? 


$ 


LH 


p 


À 
i 
1 
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i . 

bea. However, there is a reliable 

ir NM in performance on old items as a 
ction of retention interval, F (2, 15) 


= 692, p < .01. 


n. a S correctly identified a 
M = old, he was further required to 
Ei. "m pose identical to the one seen 
Correct E ne conditional probabilities of a 
that the <i given a prior recognition 
Fig. 2 oe haracter was old, are shown in 

A cr a function of retention interval. 
terval paent in performance at long in- 
1 S is reliable, F (2, 15) = 5.03, p < 
ee of interest, inspection of Fi . 
Pointing d the conditional probability ol 
forced-chor the identical item, under the 
Proximately procedure of Exp. II], is ap- 
tional REM i midway between the condi- 
similar abilities of correctly identifying 

and identical items in Exp. II. 


Discus sion 


Long. term 


Was o recognition of old and new items 


tion ay efficient in both long-term reten- 
Method “ues The modified forced-choice 
M S~No ol Exp. III resulted in very similar 
ditional ata to that produced by the tra- 
POnsidering o uous recognition memory task. 
opeval 5 dA ER following a retention 
qu entifying ant in Exp. I the probability 
wig? Similar an old item was .77, averaged 
in B and identical items, compared 

in QUY of re “xp. III. Similarly, the proba- 
T h Studies ane a new character was .96 


9reed.choi 
choice procedure was used in an 


Se. Pt t h 
ts bility tain à criterion free estimate of 
criminate identical from similar 
ent: ‘idway n data indicated an accuracy 
Sedan” and ,Jetween that suggested for 
Mith X Ben Similar items under the pro- 
for ithe sug D. II. This finding is consistent 
Meng s8eStion that the declining accuracy 


Ifa, al i E = £ 
n of t ortis in Exp. II was in part an 
rite Crati Procedure used and reflected 


Preg? oy Pic a conservative subjective 
illa. Choice pacang identity. When a 
ay "ity Se a oe an identical and a 
Oce the ide ‘Presented, Ss were able to 
Ass Ons, Ntical pose on at least 85% of 
[y G INE 
th ENERAL DISCUSSION 


ing e 

Or dat, 

hat 3 fro 

tio m these experiments provide 
rding two major points, the 
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ability of young children to recognize minor 
changes in recurring pictures and the influence 
of subjective response criteria or biases. These 
two aspects of the data will be discussed 
separately. 

The original question addressed by this series 
of experiments concerned the ability of young 
children to recognize minor changes in recur- 
riag pictures. The degree to which such changes 
could be recognized over time would indicate 
the amount of detail of the original picture 
which was stored and retained. The data from 
Exp. I indicated that considerable detail of 
the pictures was stored initially, with the data 
from Exp. HI in particular indicating that 
these details faded slowly. Within the im- 
mediate tests of Exp. I and the longer retention 
intervals of Exp. IIT, identification of identical 
test items never fell below 85% correct. These 
data indicate that suflicient detail must be 
stored and retained to distinguish minor 
pictorial changes in recurring stimuli, at least 
when these changes involve the action of a 
central character. These data are contrary 
to the suggestion made by Reese (1970) that 
children’s memory for visual information be- 
comes “leveled,” i.e. reduced to a figurative 
image stripped of idiosyncratic features. 

In addition to the length of the retention 
intervals, Exp. I also differed from Exp. II 
and III in one other important respect. In 
Ss were alerted to the possibility that 
he action of the central character 
would be important by the pretraining treat- 
ment and the use of the continuous recognition 
procedure. However, in Exp. II and III, Ss 
were not informed that the characters might be 
“doing something different" until after the 
first occurrence of all items (i.e., after the trace 
had originally been stored). That they could 
still identify action changes with considerable 
accuracy over long periods of time suggests 
either that all details of the picture were 
originally stored, or that the action of the 
character contributed largely to the meaning 
of the pictures and changes in meaning are 
noticed over long periods of time (Sachs, 1967). 
To separate these possibilities would require 
a comparison of different types of stimulus 
change involved in the similar test items. 
The character change could involve a different 
one which implied an action change 
(running VS- eating) and another change which 
presented à different pose of the same action. 
if both types of similarity are noticed, then 
n considerable detail. 
it would 


Exp. I, 
changes in t 


pose, 


the image must contai 
If only action changes are noted, 


y^ 


^ 


imply that the action of the character po 
critical feature which remains as other less 
“meaningful” details fade. 
The second major aspect of the results con- 
cerned the effects of response biases _ (or 
criterion effects) on preschoolers’ recognition 
performance. The divergence in the similar 
and identical curves of Exp. II was attributed 
to a response bias effect. The Ss were assu med 
to adopt a very conservative criterion for 
terming an item IDENTICAL. If they were 
uncertain, they responded SIMILAR. At longer 
retention intervals, as details faded, their un- 
certainty would increase, and the proportion 
of similar responses would also increase. The 
data from Exp. III, indicating a performance 
level midway between that on the similar and 
identical items from Exp. II, are consistent 
with such an explanation. 

In general, the data from all the experiments 
are consistent in showing that the childre: 
adopt a very conservatiy 
either OLD or IDENTICAL. These two responses 
can be considered equivalent since 
cases, Ss are indicatin 
the picture before. 


€ criterion for saying 


; in both 
g that they have seen 
When they say either 
NEW Or SIMILAR, they are saying they have not 
seen that picture before. The same patterns 
of results were obtained in all phases of this 
research. As the retention interval increased, 
the probability of Ss’ responding NEW or 
SIMILAR increased, and the probability of 
correctly responding oLp or IDENTICAL de- 
creased. However, given that Ss responded 
either OLD or IDENTICAL, the probability that 
they were correct remained around .95. Our 
interpretation of this pattern of results is that 
Ss' performance was affected by a bias to re- 
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shenever they 
spond either NEW or SIMILAR wheneve 
were uncertain. 
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THE ROLE OF LANGUAGE HABITS IN UNDERSTANDING 


> 


LETTER SOUND SEQUENCES? 


MICHAEL GODKEWITSCH ° 


University of Toronto 


THREE Poet bilinguals and unilingual English Ss heard German and Eng- 
pentagrams in a random order. Letters were spelled sequentially in 
Znglish, masked by a background white noise of either 74 or 83 db. Results 


supported the hypothes 
than nativ 
than on E h pentagram: 
more pronounced : bilingt 
grams. Aside from acoust 
ing letter sounds. 


fect te and Isard (1963) showed the ef- 
ion: ee familiarity upon percep- 
Teadily ^ sen tences were perceived more 
anomalous ei; ntactically or semantically 
tvations : B F ollowing up on these ob- 
Spects i ne may inquire whether other 
Dlicit binos TURIN similarly induce an im- 
ni ested ee of rules whose effects are 
Periment p aea In the following 
Nees of Ma perception of spoken se- 
le mess ters was studied. 

Delon bee probabilities of sounds 
en angu. anguage, and letters in a writ- 
ul be age, are governed by phonological 
lin à mee to that language. A bi- 
Whose E Hose first language is German and 
T transition English is less familiar with 
m Ne eee of English than 
Re cit Sine ee independently 
a © unfan = with these sounds per se. 
S Dites larity must result in more 
Delish oh sequences of sounds 
faring o characteristics. Further, 
quences aha become difficult, 
transitie, letters are presented fol- 

, knowlege rules of their first lan- 
Proba: Ee of the relevant transi- 
E age tles must put bilinguals at 
S, Over unilingual English 
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s that bilinguals would make more errors in English 
speakers, and that English unilinguals would err more on German 
Under the high-noise condition this was even 
did better than unilinguals did on German penta- 
factors, language habits are important in process- 


METHOD 


Design.—Eighty pentagrams from either English 
or German were presented in one randomly deter- 
mined order to 20 English unilinguals and to 20 
German-English bilinguals. The Ss were randomly 
assigned to one of two conditions: a background 
white noise of 74 or 83 db. Thus, a2 X 2 X 2X 2 
factorial design was obtained with repeated mea- 
sures on two factors: type of item and level of back- 


ground noise. 

Material.—Pentagrams, combinations of five 
letters, were chosen as stimulus material in order to 
establish some homogeneity in the stimuli and to 
them for meaning for S groups. The penta- 
, using English spell- 
for instance, 


equate 
grams were spelled out on tape 
ing (Z-zed). The pentagram ICHLY, 
would sound like, eye—see itch—el—why. The 
first six items were for practice, and the other 80 
formed the test seri Half of the experimental 
pentagrams were English, taken from Mayzner, 
Tresselt, and Wolin (1965). The other half were 
German, selected from Schénpflug (1970). The 
two groups were matched for frequency in the par- 
ticular language and for distribution of letters. 
Criteria for selection of pentagrams were: (a) no two 
consecutive identical letters, (5) no English penta- 
gram should also exist in German and vice versa, 
(c) no pentagram should form a word, (d) well- 
known acronyms (JVLVB, USAFB etc.) were avoided. 

Presentation.— The pentagrams were recorded by a 
tenor voice and presented at a rate of one per 5 sec., 
each pentagram being of approximately 1.5 sec. in 
duration. The Ss listened through earphones, and 
after each pentagram wrote the five letters on an 
answer sheet. The Ss were instructed to gue: if 
The loudness of the spoken letters was 
A masking white noise of 74 db. was 
‘Ss in the uni- and bilingual 
noise for the other half. 


necessary. 
about 91 db. 
added for one half of the 
groups, and 83 db. of white 

Subjects.— L he unilinguals were male and female 
undergraduate and graduate students at the Uni- 
rsity of Toronto. The bilinguals were mainly 
about the same ages, in disciplines other 
Since the results for female Ss 


vel 
students of 
than psychology- 
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se ales, the data were 
i ray from those of males, 

differed in no way 

pooled. 


RESULTS 


i iteria were as follows: each 
deii aufer from the recorded 
E cade as one error, except when two 
adjacent letters were switched. In the lat- 
ter case one error was counted. When th ree 
adjacent letters were mixed in order, two 
errors were counted. Any omitted letter 
or an incorrectly added letter counted as 
one error. z 
Analysis of variance showed three sig- 
nificant effects: the level of background 
noise, F (1, 36) = 43.62, p < .001, the 
two-way interaction between Ss! first 
language and the language from which the 
pentagrams were taken, F (1, 36) = 62.96, 
p < .001, and the triple interaction of these 
three factors, F (1, 36) = 6.13, p< 05. 
Table 1 shows the mean number of errors 
in the various treatment combinations. 
Analysis of the variation among groups con- 
firmed both main predictions: bilinguals 
made more errors in English pentagrams 
than unilingual English speakers, p < .005. 
Also, bilinguals did significantly better on 
German than on English pentagrams, 
p < .005. Under the weaker noise condi- 
tion bilinguals as a group made significantly 
more errors than unilinguals did, p < x01, 
probably due to familiarity with English 
Sounds. For German pentagrams only 
there was no significant difference. Under 
the stronger noise condition unilinguals 
erred more in Processing German penta- 
grams than did bilinguals, P < 01. 


TABLE 1 
MEAN NUMBER OF INCORRECTLY 


C Pnocrsskp 
LETTER Sounps 


| 
Level of background 


JT white noise 
Stimuli | 


74 db. | 83 db. | x 

English pentagrams | 

Bilinguals 11.85 | 24.80 | 18.33 

Unlinguals 4.10 | 18.45 | 11.28 
German pentagrams 

Bilinguals 8.75 | 18.60 | 13.68 

Unilinguals 7.45 | 24.55 | 16.00 

X 8.04 | 21.60 


DISCUSSION 


hi 
Letter sounds are probably guessed id 
basis of two sources: the incomplete, ems 
ambiguous information from thc PM let: 
stimulus source, and the already proces: The 
ter sounds in the particular sequence. of al- 
picks his missing letter from a munda 
ternatives on the basis of the phono e esi 
grammatical restraints of his first lande A 
pecially under difficult hearing pe qr Th 
more parsimonious explanation of wW MT. 
linguals make more errors in Ragin fe Pi 
grams than unilinguals do, namely peu 
linguals are simply less familiar with m ex 
sounds, must be rejected: all sounds in Tid 
periment were English pronounced. 1s t 
would therefore be no reason for unilingus s 
err more when processing German seque reo! 
unless properties of the sequences per se "Ario 
importance. Also, if the simpler explan? nili 
were correct, there should have been a eu 
cant main effect for the factor represen d ^ 
Ss’ first language. Error counts, further! o? 
indicate that the error data were not p" i 
only a few sounds consistently misinterpr i 
If this had been the case the phenomenon W 
have been weak indeed. di? 
Of course some sounds do stand up a jl 
tortion better than others and accoun n 
more errors. However, if transitional P im 
abilities between sounds determine proces 1 
of ambiguous sounds, then one would p 
distortions of German sequences in the Cj 
tion of English by unilinguals, and of En 
Sequences toward German by bilinguals. 1 el 
test this hypothesis a list of the 126 reprodu e 
letter sequences containing more than t 


ili 
errors was presented to a panel of four E. n 
guals. They were asked to reach an agree! 
about the cate: 


B 

gorization of the "pseudo-wordt 

as English, ambiguous, or German. Of th ef 
Sequences reproduced by the bilingual exP 
mental Ss, 65 were categorized as German ^" g 
ambiguous, and 3 as English. Of the 5 yel 
quences reproduced by unilinguals, 32 M. 
categorized as English, 7 as ambiguous; *, 
14 as German. Errors, made by bilinguals y 
Preponderantly toward their first lang" 
X'Q) = 91.02, 5 < .01, where unilinguals He 
to distort ambiguous sounds toward rh 
own language, x'Q) = 18.79, p < 0t. " 
finding, together with the fact that the erf f 


for single letters were equally distributed 9* 
the five 


Positions in the sequences indica 
that the errors reflected difficulties in un 
standing as well as in remembering, Kint? 
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ae D. 191) has stated that acoustic con- 
gions override language factors in relative 
Mportance in short-term memory. However, 
WS the use of sequential auditory pre- 
sl ation which favors acoustic coding (Bad- 
Mee cheat it was found. that to the extent 
task. lan -term memory is operative in the 
an ae guage habits, next to acoustic factors, 
T ermine the processing of spoken sounds. 
ub the manner of presentation (Eng- 
AnA ing) induced a set toward perceiving 
ae Seen of sounds. The Ss did not 
Nin T their linguistic background was re- 
nor did d participation in the experiment, 
ES such igusts recognize German sequences 
Previous ^ re of the unilingual Ss support 
that, elec (cf. Miller & Isard, 1963) 
Sequences use grammar constrains word order, 
are more con fonning to Ss' language habits 
fen y encoded and recalled than are 
Show thar Hat do not. The data of bilinguals 
E in addition, language habits which 
relevant to the task at hand can "sup- 


lish 


plement” relevant habits when the stimulus 
situation becomes more ambiguous. 
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INCREASING ITEM ACCESSIBILITY IN FREE RECALL 
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Previous free recall studi 
in storage than are acces 


have suggested that Ss have more items available 
ible on any one recall trial. To decrease these retrieval 


si < ere presented a categorized 
or recall limitations, two groups of Ss in Exp. I were presented a categori: 


word list and given two successive recall t 
"multiple-repetition" instructions prior to their 
Second Recall, Group 2 recalled more list items, gave more 
item repetitions, and took longer to recall. It 

the multiple-repetition instruc 


influences of 
termination rules, 
performance. Other vari 
obvious influence. 

increase both recall 


Previous free-recall studies by 
(1967), Robinson and Kulp (19 
Tulving and Pearlstone (1966) h 
gested that Ss have more items 
in storage than are accessible on any one 
recall trial. If after having been presented 
a list of unrelated words, Ss are given sev- 
eral successive recall trials with no addi- 
tional learning trials, Ss will on each suc- 
cessive recall trial recall a few additional 
"new" items from the list, but also “forget” 
a few of the previously recalled items. 

Keppel and Mallory (1969) attempted to 
discover whether Ss were with 
of their responses for fe 

siving Ss instructions to either “guess 
freely” or “make very few errors" in recall- 
ing a list of unrelated words, Keppel and 
Mallory did Succeed in changing Ss’ error 
frequencies, but there was no difference in 


the number of items correctly recalled in 
either of these two groups 
a group of Ss who wer 


free-recall instructions, Simil 
(1967 £^ 


Tulving 
70), and 
ave sug- 
available 


holding some 
ar of making errors, 
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Only Group 2 was given 
Second Recall. On their 
extralist intrusions, 
suggested that motivational 
ns affected Ss’ recall-time 


and this contributed significantly to their increased or 
ables of item repetition and intrusions had no such 


Experiment II confirmed that motivational incentives alone 
time and performance. 


of correct responses did not appreciably 
increase. " 
In another attempt to free Ss from e 
self-imposed retrieval limitations, or = 
lector mechanisms," Bousfield and mes 
(1970), in a multitrial free-recall pon 
ment, compared the recall results of a grou 5 
of Ss who received “uninhibited recall "1 
structions” ; i.e., Ss were told to roy) 
words occurring to them during recall, W À 3 
a group of Ss who received standard en 
recall instructions. They found that does 
was similar for the two groups on the a 
study-recall trial, although the “uninhi 
ited” group had significantly higher t 
than the "standard" group on the last, "- 
fifth, recall trial. Bousfield and Rosne 
concluded that the facilitating effects ae 
the uninhibited recall instructions were due 
to less intertrial forgetting of previously a 
called items and were independent of th 
amount of overt errors produced. í 
In the experiments cited above, lists H 
unrelated words were used, Cofer (196 ; 
Exp. IV) presented categorized lists of ithe’ 
high- or low-taxonomic-frequency nouns i 
Ss and again forced them to provide a re” 
sponse for every item presented during 
Study. Whereas the forced recall result$ 
showed little improvement for the low” 
taxonomic-frequency nouns, the forced r€* 
call did measurably enhance recall for the 
high-taxonomic-frequency nouns. How- 
ever, since "guessed" responses under such 
conditions are typically high-taxonomic- 
frequency items from the presented cate- 
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5 it may be that the 
* for the high-frequency 
Suessing alone, 


increased. recall 
lists was due to 


il "a experimental literature to date 
E n Ss will recall a relatively con- 
recall tri 3l Jet of responses over Success ive 
o ibis S, although there are fluctuations 
mecha à sie between recall trials. No 
eval em attempts to decrease S's “re- 
of the tarian, i.e., to increase the size 
Romer set and include more stored 
en ^ 9n on any one recall trial, have 
^4 Clearly successful. 
'€ purpose of the present study ‘is to 
"A ee the variables which may 
Paradigm, retrieval strategies in a free-recall 
ied and, if possible, to decrease the 
9! retrieval or recall limitations. 


exp] 
affe, 


EXPERIMENT I 
Methog 


Desi rA 
0 eater Two groups of Ss were presented a list 
two m d words for two study trials followed by 
"eccived (YE category-cued recall trials. All Ss 
their first Standard free-recall” instructions, prior to 
Standard recall, with half of the Ss hearing again the 
Multiple. ree-recall instructions (Group SI) and half 
Prior o g ePetition” instructions (Group MRI) 
po their second recalls. A third group of Ss 
ects a control group (CG) needed to assess 

Subject „guessing on recall performance. 
lling S—The Ss were 36 undergraduates ful- 
bne 2 Course requirement. Twelve Ss were ran- 

Lis assigned to each of the three groups. 


mie lis of each S in Groups SI and MRI was shown 
Pi cack 60 words. The list consisted of 10 words 
nom each, of SIX semantic categories. The words 
E lencieg iCROry ranked from 6 through 15 in their 
bel "Dame in jSecurrence as responses to the cate- 
foh E ne norms of Loess, Brown, and Camp- 


b Iles oe he six categories used were vegetables, 
tilg; 9 cloth; 
di "ng, parts of the body, parts of a 


[zT E, o : i 
mi ormai Pations or professions, and natural 
ize We ations, Four different orderings of the 


the and with tructed, with word sequence random- 
Same Cat Ne restriction that no two words from 
cedure ory be adjacent. 

e td ca oh Srenps SI and MRI—AII Ss learned 
amilia rized list prior to this experiment in 

tions tee them with the test procedure. 
i h men ated that the experiment was con- 
*d or e Norization of lis The Ss were fully 
Song, ere of the lis and were given a 
Names ung a randomized listing of the six 
WSs qo dring | he Ss were told they could use 
Wing E recall, and the card remained in front 
t Presentation and subsequent recall 
5 Were presented on a Stowe mem- 


Ast 
Word 
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ory drum at a 2-sec. rate with Ss saying each word 
aloud during presentation. Each list was presented 
in two of the four random orders with the recall tests 
given after the second presentation of the list. 

For the First Recall, all Ss were instructed to recall 
orally as many of the words from the list as they 
could remember. Recall was terminated when S 
indicated to the Æ that he could not recall any more 
words. 

For the Second Recall, Ss in Group SI were asked 
to try again to recall all the words from the list 
(same instructions as given previously). The Ss in 
Group MRI, in addition to the previous recall in- 
structions, were given the following multiple-repeti- 
tion instructions: “Don't worry about saying the 
same words over and over . . . just keep going over 
the list words that you know while searching for new 
words. In addition, during the Second Recall pe- 
riod, 5s in Group MRI were asked to write down 
those recalled words which they knew had not been 
recalled during their previous recall period. If they 
were not certain whether they had recalled the word 
or not last time, they were to write the word and 
then place a question mark after the word. Again, 
recall terminated when S indicated to E that he 
could not recall any more words. 

Procedure for Group CG.—Group CG Ss were 
tested subsequent to Groups SI and MRI. 5 


Each S 
was given a sheet of paper containing a list of the 
category names and the items emitted during the 
Second Recall task by one S from Group SI. Each 
S was told that he had a list of all the words that a 
previous S had recalled from a presented list of 60 
words, 10 words from cach of the listed categories. 
The Ss were told that the purpose of this experiment 
was to see whether Ss in such a recall task tended to 
“guess” additional items when they could remember 
no more list words. Hence, CG Ss’ tasks were to fill 
in all blanks with their “best guesses" of other items 
which may have appeared on the original 60-item 
list. 

From zero to two blanks appeared at the end of 
each category listing for each S. The total number 
of blanks per category was the arithmetic difference 
between the total items per category produced by 
all Group MRI Ss and the total items per category 
produced by all Group SI Ss in the Second Recall 
tasks. The resulting total number of blanks per 
category were then distributed as evenly as possible 
across the categorized lists given to Group CG Ss, 


Results and Discussion 


Recall.—Figure 1 shows the mean recall 
data for Ss in Groups SI and MRI during 
their First and Second Recall tasks. Analy- 
ses of variance on the recall, intrusion, and 
repetition data showed that the interactions 
between groups and recalls were significant 
for all three measures, F (1, 22) = 6.29, 
6.56, 7.76, p < .05, respectively. 
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The Ss in Group MRI recalled more list 
words in their Second Recall than did Ss in 


Group SI, but MRI S 
its S also recall i 
number of intrusions, thus in rie 


total number of items produ 
repetitions) over th 
(52 new words, 32 


creasing their 
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at of SI Ss by 84 items 


intrusions), Of the 84 
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items guessed by CG Ss, only 4 appeared A 
on the original presentation list. Thus, it 1$ ^ 
unlikely that guessing had any significant 
effect on increasing the Second Recall per- 
formance of Group MRI over that of Group 
SL 3 

The Ss in all conditions determined their 
own recall times. There was no difference 
in total time between Ss in Groups SI and 
MRI on their First Recalls (median time 
— 2 min., 41 sec.), but Ss in Group SI took f 
a median time of 2 min. on Recall 2, while 
Ss in Group MRI took 5 min., 19 sec. 07 - 
Recall 2. . 

Table 1 shows that Group MRI's 11 
creased Second Recall performance is made | 
up of two separate components: (a) Group - 
MRI Ss forgot significantly fewer words 
that they had previously recalled correctly 
on their First Recall task than Group SI Ss, | 
and (b) Group MRI Ss recalled significantly | 
more new words during their Second Reca! | 
that they had not recalled during their First 
Recall than did Group SI Ss, (22) = 2.19 
b «.05 and 1(22) = 1.89, p< .05, T% 
spectively. 

All Ss in both groups recalled by cate 
gory; i.e., they recalled a cluster of wor 
from one category, then a cluster of wor 
from another category, etc., and then wou 
Sometimes recall a few additional wo" 
from categories entered earlier. To analy” 
output-position effects, the output order ° 
recalled words was Separated into four part 
across categories. The initial catego”, 
cluster (ICC), the first time S recalled a” 
words from a category, divided into third? 
comprised three of the parts. The fourt, 
part was words recalled from a catego" 
after S had completed his ICC for that cat™ 
gory; i.e., S recalled additional words fro" 
à previously entered category, having 1% 
called other-category items in the interi 

As indicated in Table 2, list words 14 
called by Ss in Group SI on Recall 1 onP 
(“forgotten” on Recall 2) tend to be wor f 
that were output in the first-third ICC, v 
Out of 42 words. This contradicts ‘ 
strength theory which predicts that de 
first items recalled have the greatest mei 
ory strength or highest probability of bein? 
remembered, as well as the notion th? 


ITEM ACCI 


TABLE 1 


Mean RECALL PERFORMANCE ANALYSIS FOR 
EET OO Groves SI AND MRI 
e ————M————— ——— 


Recall measure Group SI | Group MRI 


Words 
ords correct on Recall 1, 


but omitt 
jeu: omitted on Recall 2 | 3.5 2.1 
Words omitted on Recall 1, | 
ut correct on Recall 2 | 34 5.3 
eas 
ther, 
COHEN : 
i oe be certain key words which Ss 
RN enter into categories during recall. 
ji ery unlikely that this loss is due to any 


€cho box" 


transfer from short-terr ne 
= n meni- 
ory during 


hot show Recall 1, since Group MRI did 
Een. vid difference in loss of items 
flew Word cM thirds of their ICCs. The 
ond on dat Ss remembered in their Sec- 
being 7 s had the highest probability of 

recalled during the last third of the 
or Group MRI Ss also in subse- 
, i - This indicates that as recall 
Pn S within a category, the probabil- 


My of 
new w " ing accessible in- 
Creages, ords becoming accessible in 
Of the . n (T 
MRI the 64 list-words that Ss in Group 


that ed during their Second Recall 
Recall j^ ad not recalled during their First 
V 3S recognized 81% of the words as 
Previous? as unsure whether new or old 
ton a recalled) and 14% as old. In 
Called w s called 3% of the previously re- 
x A bur new and 3% were marked un- 
E. e old or new. These results 
ndings "m Robinson and Kulp's (1970) 
Of a pue Ss knowledge of the contents 
recall is quite accurate. 
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If encouragement of repetitions is the 
factor which significantly increased list- 
item recall, one would expect a high correla- 
tion over Ss between number of words re- 
peated and number of new words on the 
Second Recall. Similarly, one would ex- 
pect a strong negative correlation between 
number of words repeated on Recall 2 and 
number of forgotten words from Recall 1. 
However, the product-moment correlations 
were —.003 and —.23, respectively, with 
.65 (N = 12) needed for significance at the 
.05 level. Likewise, if the increase in extra- 
list intrusions on Recall 2 significantly af- 
fected recall, then one might expect the 
number of new and the number of forgotten 
items to be correlated with number of in- 
trusions. The correlations were .20 and 
.40, respectively, also not significant at the 
.05 level. These negative results are con- 
sistent with the findings of the previous 
studies cited earlier. 

The Ss in Group MRI took over twice as 
long for their Second Recall as did Group SI 
Ss. The correlations between number of 
new items recalled on the Second Recall and 
actual recall times in the Second Recall, T», 
for the 24 Ss in Groups SI and MRI is .43 
(p « .05); between number of items re- 
called on Recall 1 but forgotten on Recall 2 
and the Second Recall times is —.39 (p 
< .10). The two effects, combined, pro- 
duce a correlation between total Recall 2 
and Time 2 of .64. The correlation between 
total Recall 1 and the First Recall times 
was only .33; hence time was more related to 
recall performance on Recall 2 than on Re- 


TABLE 2 
= RELATIVE OUTPUT POSITIONS or ONCE-RECALLED List [TEMS 
Initial category cluster (in thirds) 
Recall measure Sümeuént “Total 
No First Second Third s 
* of lis 
G ot rer ards per recall position on Recall 1; 
Group ST ed on Recall 2 (forgotten items) 
RAN Ty, Ee | Relais 
9. 1 | 2s 
Of list. i 
St-Wi = 
Qu recalled Per recall position on Recall 2; 
ma SI on Recall 1 (new items) - 
~ "P MRI s 7 | 5 7 41 
Poe 4 24 64 
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call 1. Since some Ss may consistently 
choose to take more time for recall than 
other Ss, such individual differences may 
influence the number of new and forgotten 
words they recall, as well as their Second 
Recall times. Hence, partial correlations 
were computed using each S's First Recall 
time, Ti, as a baseline. The partial corre- 
lation coefficients between T» and number 
of new items recalled on the Second Recall, 
holding T; constant, is .50 (b « .05) 
tween T» and number of items rec 
Recall 1 but forgotten on Recall 2, holding 
Ti constant, is —.56 (b « .01). The cor- 
relation between T, and total Recall 2, 
holding T; constant is .63. 
Second Recall task, those wh 
time retrieved both more n 
previously recalled items th 
less time. 


It is suggested th 


; be- 
alled on 


Thus on the 
Oo Spent more 
ew items and 
an Ss who spent 


at the increase in recall 
performance due to longer S-determined 
Second Recall times may be related to the 
"demand characteristics" of the particular 
Second Recall instructions, Group MRI 
Ss, asa group, may have been more highly 
motivated than the SI group due to the 
peculiarities of the MRI instructions; Le, 
handing S a pencil and paper on which to 
write the new word 


s may have been inter- 
preted by S to mean that E 


* expected that 
he would remember at least a few new items, 
However, each individu 

motivated differently, 


tional conditions, and 
tion 


al S may have been 
even within instruc- 
this internal motiva- 
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termination rules constituted one crucial 
variable which affected recall pape 5 
Experiment II was designed to test W 7 
ther or not motivational incentives aloni 
could influence S-determined age 
rules and, if Ss did increase their re 
times, whether the total number of itemi 
recalled also increased, Alternatively, peg 
haps just assigning Ss a longer time to T 
call (E-determined termination rules) "e 
produce an equivalent increase in recall. 


EXPERIMENT I] 
Method 
ad a list 
Design.—F our groups of Ss were presented à 


of categori 
two succ 
the groups, 


d words for two study trials, followed PY 
ve category-cued recall trials for three Al | 
with one group having only one re uc 
trial. The groups differed only in the recall aur 
tions which were given immediately prior to a to 
recall trial. The materials used were identica 
those of Exp. I. {fille 
Subjects.—The Ss were 48 undergraduates fu yc 
ing a course requirement, j 
assigned to each group. 1 
Procedure.—All Ss were 
conditions as Ss in Groups SI and MRI of ot | 
with the exception that recall instructions varie 2 
each of the four groups. Group FF (Free, Fr 
were given the same standard recall instructio! ine 
Group SI from I - I (Ss were Sree to determi 
their own recall termination times for both Recà 
land 2). The Ss in Group FF were tested prior 4 
Group FC (Free, Constraint 


7 
mly 
Twelve Ss were rando! 


-ariel 
tested under the ident! i 


je 


as 


the following groups. 
‘Ss were given the s 
FF with the addit 


Is 
0 
) 
` 1 pup 
ame recall instructions as e in 
3 ion of the following statemen to 
their Second Rec: " 
n 
d 
y 
i 


all instructions: 


“Keep trying | | 
think of additional list items until I tell you to warn l 
may have influenced his choice of The Ss were then told to stop when twice the aT had f 
temporal termination rules or limits that ae ee ort Pa Ss on Second Peik rad | 
i lapsed. Seg call time was constra | 
S places on the duration of his retrieval at- eed C ie pet Mee quiim “Their reca 
: x a eca al. WU 
tempts, [t may be that these S-determined instructions also included the instructions to keel 
TABLE 3 
ExrERIMENT |I: Comparisons or MEAN PERFORMANCE E AA 
Recall measure | Group FF Group FC Group C Group FM 
Total items COrrect 
ee j 29.58 29.00 30.00 30.83 
E . 30.17 | 29.42 32.00 
Recall times (Medians) | 
ern 1 2min.15sec, | 3 min. 17 sec, 4 min. 30 sec. 2 min. 35 sec: 
Intrusions | 1 min. 55 scc, 3 min. 50 seca 3 min. 11 sec. 7 
Recall 1 | 
Recall 2 | is ia s 12 
d deest | á à A 
* E-constrained recall times, Ss 
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me til E gave the signal tostop, The Ss were 
rE on foe the median time taken by Group 
Pie es recall. . Group PM Ss were given the 
None " oo as Group FF with the addi- 
her ae ne motivating statement included 
with mem d Recall instructions: “To provide you 
"e ein sentiva Twill pay you 10 cents for every 
guessing eal Suer 25. But to keep you from just 
on the ha i emi that you recall that was not 
Your toll — iit, I will deduct one item from 
call 9 rains | score. g The rationale behind the 
would Sa "E s for Group PM was that money 
ittle Pen gt r S to increase their recall scores with 
repetition S influence on other factors such as item 
<^ OF retrieval strategies which may have oc- 
in Exp. I due to the multiple-repetition in- 
By deducting intrusions from . paid 
» any increases in recall due to ‘pure 
should be minimized. 


Results 
sults and Discussion 


Recall time. 
“determine 
the f 


s.—Table 3 shows the median 
d or E-constrained recall times 
The motivational as- 


É alter those Ss’ temporal 
uratian On rules; E- ME > lengthened the 
relati of their Second Recall periods, 
P to Group FF. 
results o Table 3 shows the mean recall 
arin 9T the four groups. An analysis of 
ata for e the First and Second Recall 
© signif ;roups FF, FC, and FM showed 
Newm, cant main effects, but subsequent 
Showe, an-Keuls tests on all possible pairs 
F) à the mean recall performance of the 
the au hp to be statistically greater than 
Sis gc. T two groups, p < .05. An analy- 
fou Variance on the Recall 1 data for all 
Ence, S'Oups showed no significant differ- 
Strained 4 een groups. Hence, £-con- 
nd Re Increases in either the First or Sec- 
on Sce e times had no significant effect 
Cone si Performance. This leads to the 
Cruci X that recall time per se is not a 
i Rupe poule which affects recall per- 
: inatin ut that S's own choice of recall 
ie n rules may be. 
thecsted that the motivational ef- 
to Me aam money caused Group 
pep m the duration of their 
» and thereby increased the 


total number of list items they recalled. 
Since the intrusion data showed no signi- 
ficant differences between groups, it is un- 
likely that the increase in MR's Second Re- 
call is due to “pure guessing." Although 
Group MR's longer recall times and in- 
creased recall performances were not of the 
same magnitude as Group MRI's in Exp. I, 
itis likely that the peculiarities of the multi- 
ple-repetition instructions motivated S 
performance in somewhat the same way as 
the money motivated Ss in Exp. II. 

In conclusion, it is suggested that ‘mo- 
tivational” instructional demands of verbal 
recall tasks can affect Ss’ performance by 
increasing the time Ss choose to spend try- 
ing to recall. These S-determined termina- 
tion rules constituted one factor that af- 
fected item recall. The other task variables 
of item repetition and extralist intrusions 
had no such obvious influence. This study 
indicates that there are more items stored 
in Ss’ memories which are accessible than 
are usually recalled in standard recall tasks. 
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RESULTS 


Memory operating Ug riesen 
(MOCs) were determined with the purpose 
of assessing the degree to which the data 
conformed to the normality and homogene- 
ity assumptions of signal detection theory. 
Hits (*old'/old) and false alarms (“old”/ 
new), collapsed over Lists 1-3, were plotted 
on normal-normal coordinates. The two 
MOC curves showed minimal departure 
from linearity, indicating that the target 
and distractor distributions were reason- 
ably Gaussian in form. The two MOC 
slopes, however, were less than unity, mean- 
ing that the target distribution was more 
variable than the distractor distribution for 
both conditions, This does not, 
appear to represent a serious violation of 
the homogeneity assumption, since the q' 
and ds values were identical for both groups, 
ds being the appropriate index for data 
which are heterogeneous, The d’ measure 
was therefore as an index of 
subsequent analyses, 
Differences between d's were tested by the 
method of Gourevitch and Galanter (1967), 
while 8 differences Were assessed by an ex- 
tension of a technique developed by Smith 
(1969). The only signal detection analyses 
to be reported, however, will be those which 
augment the hit and false-alarm data. 


however, 
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SUMMARY or Hit Axp F, 
PROPORTION Dar 
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Lists 
Group a 
to} e la | 4 
glee es 9 pow 
HH | 79 | 79 80 | 82 
HL | 85 | ‘gy | 80 | 8 
"n 2 84 86 | .91 
E: a 86 | 86 | .86 
| L à .89 91 | .85 
False alarms Hn da 14 | 16 48 
H D 18 | 49 | 9 
R | ad» 4 
LH 19 pg | SY 
a 4 | 10 | BE 17 
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The data of Groups H (IH and HL) and 
L (LL and LH) were examined over Lists 
1-3 with the purpose of detecting any ac- 
cumulation of interference over lists, the 
expectation being that this would be more 
pronounced for common than for pr 
words. Table 1 presents a breakdown o 
the hit and false-alarm data for all four 
groups for Lists 1-4, For hits, only the 
groups effect was statistically significant, 
F (1, 98) = 18.09, p < 001. For false 
alarms, both the groups, F (1, 98) = 4.81, 
and the lists, F (2, 196) = 3.45, both ps 
< .05, effects were significant but little or 
no interaction was evident. The Ss of both 
groups, however, became less conservative 
over lists. The reaction time analysis in- 
volved another dimension in addition to 
those of groups and lists. This will be refer- 
red to as conditions, and it involved a com- 
parison between hits and correct rejections. 
The basic unit of analysis was S’s median 
reaction time, The groups effect was 
statistically significant, F (1, 98) = 4.27, 
P < .05, the means of the medians being 
1.60 sec. for Group L and 1.76 sec. for 
Group H. The conditions effect was also 
significant, F (1, 490) = 281.81, p < .001, 
the mean for hits being 1.48 sec., while that 
for correct rejections was 1,88 Sec. Neither 
the lists effect nor any of the four interac- 
tions were statistically dependable. 

It is clear from the preceding analyse$ 
that rare words were more readily detecte 
than common words throughout the first 
three lists, this difference being apparent bY 
the end of List 1. In order to determine 
Whether this was also the case during the 
initial stages of the first list, the data 
were analyzed for the first 7 of the 42 test 
Positions. This decision to divide the list 
into sixths was a purely arbitrary one, The 
proportion of hits for Group L was .905; 
while that for Group H was .804, the differ- 
ence being statistically Significant, z = 2.80, 
P = .003. These hit rates were comparable 
to those for the full list. The false-alar™ 
data, however, exhibited a nonreliable re- 
versal of this situation, the false-alar™ 
probabilities being .038 and .035 for Groups 
L and H, respectively. The false-alarm 
rates for the early portion of List 1 were 
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well below those for the full list. In order 
Aiba whether this continued to be 
as oe or Lists 2 and 2. a similar analysis 
ities ormed. The false-alarm probabil- 
neson List 2 were 082 and .065 for Groups 
Em respectively, and these were not 
3 cantly „different, £ = .65, p= S16: 
i Situation prevailed for List 3, 
od es :089, Group L = .084,5 = .18 
=,857. ! d 
aa Bris from the preceding analyses 
Groups T alarms increased within lists, 
early and L being comparable for the 
».”, Portion of a list, with Group H ex- 
e fete more false alarms by the end of 
eseri ^ n order to achieve a more precise 
. "Iption of this phenomenon, which ap- 
Vere colla zt Stale over Lists 1-3, the data 
alarms »- sed Over the three lists and false 
cessive ie examined asa function of suc- 
Was indt 15 of a list. A similar analysis 
i : Tmed for each of the remaining 
falsoa] Pendent variables. The hit and 
The pn data are presented in Fig. 1. 
Sixths Goce Were stable over successive 
[ > tne X*(5) value for Group H being 
s a80 < P «.50, whereas that for 
alse alaa was 7.23 (5), 20 <= B < 30, 
Soups cant however, increased for both 
X) Beer for Group H — 42.85, and 
"he ilke aroup L = 29.41, both ps < .001. 
Gro -alarm rate was reliably higher for 
T than for Group L on the final 

We n = 3.69, < .001. Since the groups 
9mparable on the initial sixth, the 
for ae the false-alarm function was there- 
“xhibited o for Group H. Group H also 
ist to «i a reliable B decrement from the 
not „e last sixth, whereas Group L did 
Usual reaction time analysis revealed 
Vel] m ,Sroups and conditions effects, as 
F 3,1 Significant main effect for sixths, 


Of the medi = 13.28, p < .001. The means 
the sixths ‘an reaction times, in seconds, for 
S9 Vere as follows, in succession: 


pe 1.71, 1.72, 1.75, and 1.82. 
or ined EL for all four subgroups were ex- 
d detectin "is 3 and 4 with the purpose 
pe ld i k release from interference, 
the Ortiong ri The hit and false-alarm 
hit aat Presented in Table 1. For 
^» the groups effect was statisti- 
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Fic. 1. Hit and false-alarm probabilities as a 
function of successive sixths of a list for the low- 


(LF) and high-frequency (HF) conditions. 


cally significant, F (3, 96) = 4.77, p < .005, 
the overall hit rate for Group HH being 
lower than the other three groups. The 
only other significant effect for hits was the 
Groups X Lists interaction, F (3, 96) 
= 3.29, p < .05, this being primarily at- 
tributable to an increase in hits from Lists 
3-4 on the part of Group HL, / (96) = 1.78, 
b < .05, as well as to a decrease in hits on 
the part of Group LH, £ (96) = 2.52, p 
< .01. The absolute amount of change 
from Lists 3-4 did not differ reliably for 
these two groups, nor were there depend- 
able shifts for Groups HH and LL. The 
false-alarm analysis also revealed a statis- 
tically significant Groups X Lists interac- 
tion, F (3, 96) = 4.84, p < .005, this being 
mainly attributable to a decrease in false 
for Group HL, ¢ (96) = 3.65, p 
« .005. The other three subgroups ex- 
hibited no reliable shifts in false-alarm 
rates. The only reliable B change was for 
Group LH, these Ss becoming more con- 
servative on List 4, 

The hit and reaction time data for Groups 


alarms 


H and L were partitioned c. cias 
seven blocks of three serial positions. E 
sets of data were collapsed over Lists m 
since there was no evidence, in either in- 
stance, of a lists main effect or any mter- 
actions involving lists. The positions effect 
for hits was statistically significant, F (6, 
588) = 7.49, p < .001, whereas the Groups 
X Positions interaction was not. Thecrit- 
ical difference between pairs of means was 
.39 (a = .01), Position 1 versus the other 
six positions satisfying this criterion, with 
all other comparisons failing to do so. The 
mean number of hits for Position 1 was 
8.25, out of a total possible of 9, while 
the average of the remaining means was 
7.57. The reaction time analysis, which 
was based on means of medians for hits 
only, revealed essentially the same phe- 
nomenon, the positions effect being statis- 
tically significant, F (6, 588) = 2.26, p 
< .05. The mean of the median reaction 
times for Position 1 was 1.43 sec, 
the average value of the rem 
tions was 1.51 sec. Only Positions 1 versus 
2 and 1 versus 6, however, exceeded the 
critical difference of .10 sec. (a = .05). 

The final analysis involved an examina- 
tion of hit probabilities at Lags 0-6 versus 
55-61, lag referring to the number of items 
intervening between the first and second 
presentation of a target on any given list. 
In order to achieve a sufficiently reliable 
analysis, the data were collapsed over Lists 
1-3 for Groups H and L Separately. There 
were no statistically significant differences 
between the short and long lag conditions 
for either group, a phenomenon previously 
observed by Shepard (1967). 


, Whereas 
aining six posi- 


Discussion 
The findings of the presen 
vide unequivocal evidence 
quency effect in recognition 
riority of rare 
become stable b 
The experiment 


t investigation pro- 
for the word-fre- 
memory, the supe- 
Over common items having 
Y the end of the initial list. 
h ) al hypotheses, however, re- 
Eo idis suppor Although the fal 
alarm data were consistent with the notion of 
accumulation of interference across lists, the 
phenomenon was no more pronounced for high- 
frequency than for low-frequency materials. 


Also. there was no evidence for release from 
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interference as a result of Ss being switehg 
from one class of materials to the at Sea Be 
lease appeared to be, on the other MAR RE 
related to the interlist interval than toa € Me 
in class. The findings, nevertheless, WR 
be rationalized within an interference end 
work. The hit and false-alarm data, | iene 
analyzed separately, appear to reveal i da 
for two interference loci, one at storage an E 
other at the test phase of a list. Both sou m 
evidently have a greater impact on cone 
than on rare items. Previous investiga J 
have been unsuccessful at uncovering theg 
since they have typically been concerned b 1 
either hits or false alarms, but not both -— 
when calculating their joint effects and bie b 
ing these in terms of a single measure such 3 
d’. The notion that interference is a rene ai 
phenomenon and hence should not be mani p 
in recognition memory (Bower & Bostru i. 
1968; Wickelgren, 1967), therefore, will hav 
to be carefully reexamined. e. 
The hit rate for Group L was reliably higher 
than that for Group H by the end of the ps 
sixth of the initial list. Beyond that em 
hits for both groups had reached a steady s i 
there being no further change in hit rate eit "a 
within a given list or from list to list. The ur 
classes of items, therefore, were likely differe a 
tially interfered with during target storag 
The changes in hit rates for Groups HL an 
LH on List 4 are consistent with this notio 
The improvement on the part of Group F 
may be attributed to a smaller amount is 
Storage interference on List 4 in relation 5 
that which accrued on earlier lists. Similarly: 
the lower hit rate on List 4 for Group LH pre 
sumably reflects 
than that pre 
macy 
which 
action 


more storage interference? 
viously encountered. The po 
Portion of the serial position A 
was observed for both hits and hit de 
times, suggests that storage interfer 
ence appears to be, at least in part, proactiV 
in nature. E 
The false-alarm data failed to reveal the Er 
quency effect during the early stages of P 
initial list, Performance at that point was 0l 
timal for both classes of items and it was 1? 
until later on in the list that false alarms b 
reliably greater for common items. 17 p^ 
data, therefore, provide strong support for p* 
notion of test-phase interference whereby s- 
terference accumulates with increased en 
ure to distractors, the effect being most Pis 
nounced for high-frequency materials. ist tO 
also appears to continue to develop from liş in- 
list, since false alarms exhibited a reliable 


Crease over lists. The interlist interval, how- 
ever, appears to allow for rele from inter- 
Eme the false-alarm rate was low and 
ans B ent for Groups H and L during the 
alarn E SN subsequent list. The false- 
Sent "A [) LE HL and LH are also con- 
of S t-nhuse i e notion of differential amounts 
materice gh terene for common and rare 
Ha tr, Ü ve improvement in performance 
oa ol L may be attributed to release 
test-phas erence as well as toa lower level of 
eveloped interference than that which had 
any relisbl on previous lists. The absence of 
im likel oe change for Group LH 
ADproxine e to two opposing tendencies of 
Stelter ee y equal magnitude, one being 
en CAE ee rad interference on List 4 than 
eing ese ists, and the other presumably 
ination ia from interference in some com- 
these Su: with Whatever was responsible for 
A uS )ecoming more conservative on List 4. 
est, tiers, of other phenomena are of inter- 
respect ue none has direct implications with 
o the notion of two interference loci. 

hen nger reaction times for correct rejections 
S Pe hits is incompatible with a notion of 
With | Ive serial search but not necessarily 
d One of self-terminating serial search. 
A Jota may be embarra ssing for those who 
Tettieval | recognition memory tasks minimize 
Count y demands. For a more detailed ac- 
of this issue, see McCormack (1972). 
rahe of a reliable recency effect may be 
which si to the backward-counting task, 
a an be expected to interfere with the 
Bouter late items from a short-term to a 
also likely store: j This interpolated task was 
Strate ied Poms? d for the failure to demon- 
aving ree dependable lag effect, a zero-lag item 
Ward ae actual lag of 75 sec. The trend to- 
or Ss = VADE behavior over Lists 1-3 
n iere both groups was likely a reaction to 
frou CAE inability to discriminate between 
Mu distractors. This phenomenon of 
lists em B values was also observed within 
Is ae only for Ss of Group H. This finding 
v particularly surprising since these Ss 


Were th 
lose mos FS eee hee : x 
erence, t affected by test-phase inter 
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In a binary choice situation, information UK the rew 
i ‘ i 5 ; us eithe: > 

with the alternatives was given to S using ei 

procedure (reward value of both altern 


information 


ditions, 


pairing training stimuli. 
value. The results of FIN 
inan all-or- 
of a particu 
that Ss acquire partial information 
explicit value; rather, S encodes each 
absolute value of the reward, 


In a binary choice ex 
ferential rewards, S is p 
of problems; 


periment with dif- 
resented with a list 
problem 


partial information 
shown only the rewa 
tive he chose, 
Keller, Cole 
conducted an 
the two inforr 
combin 


(PIN) proce 
rd vi 


mation con 
ations of rew 
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(PIN) procedure (reward value of chose 
known). In Exp. I, S was required to estim 
each stimulus after varying amounts of traini 
of the 5s in PIN conditions learned one of t 
evidence that this occurred after S made his | 
S did not typically learn either rew. 
amounts of training, Ss were tested on 


conditions sup. 
none fashion, which alternative 
lar reward. The results of PIN 
about each ri 
1 reward, the code b 


78 


ards associated 
full information (FIN) 
atives made known) or the partial 
n alternative made 
ate the reward associated. with 
ng on the choice problems. Most 
he reward values, but there 
ast choice error, In F 
ard value, In Exp. IT, after v: 
a set of problems constructed by re- 
S also gave estimates of cach reward 
Ported the hypothesis that Ss learn, 

is correct, but do not learn the value 
conditions supported the hypothesis 
eward, but do not learn the 

cing a function of the 


found that the rate 
related to the diff 
under the PIN 
ifferences disa 
cedure. 


of learning wa j 
erence in reward V the 
procedure, but that yro- 
ppeared using the PIN : of 
They captured many aspect as’ 
choice learning using a model whieh, i 
sumed that the rate of forming associati 
between stimulus alternatives and rewa t 
is independent of reward magnitude. 
was assumed that the explicit valie a 
each reward is learned in an all-or-n 
fashion, 

The model h 
experiment 
Estes (1968). 
Structed so th 


Were differe 


as receiv 


an 
ed support from ^ 4 
by 


1 
Humphreys, Allen, br 
Lists of problems md 
at rewards anticipatec 
nt from the rewards 
actually received during training. 
Choices of Ss Proved to be related t 
anticipated Teward values rather than 
rewards actually received. me 
However, the model has received Se 
criticism, Allen and Estes (1969) exan th 
the ¢ that exact values © olv? 
ned by S in order to “oP 
They modified the situat! i 


€ 
[0] th 
the 


are lear 
the Problem, 


used by Hump 


ng 

hreys et al. (1968) by nt 

S not only indicate his choice on each (f^, 

but also indicate the reward value ke 
expected, 


3 : ma 
Except for having to 
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value judgments, the experiment was the 
Same as the one reported in Humphreys 
et al. The results showed that if S learned 
the correct. reward value, he typically did 
not learn it until after he had begun his 
terminal sequence of correct choices. 
Tence, the assumption that reward values 
are explicitly learned before S reaches the 
inal state of the model was not supported. 

Allen and Estes (1969) presented two 
ps to replace the previous assump- 
ds ud : Irst, during training, S might ac- 
ye! mm information concerning each 
rine. va ae to indicate whether the value 
avail mea afn or high on the scale of 
tien on : lire but not enough informa- 
bes pecify it exactly. Second, S might 
as DH a relational bit of information 
B cime ae item so he can specify which 
oin: Ive is associated with the higher 

value. 


EXPERIMENT I 


Phe first experiment was a modification 
ex. one reported by Allen and Estes 
liso, Ji Phe modification was necessary 
> ause their design had two limitations. 
Sd T a single trial, S indicated only the 
» o; value of the alternative he chose; 

as not required to indicate the value of 
e alternative. "Therefore, the data could 
ic instances when S learned the 
Hoe iS value for an alternative but did 
les d choose it. Second, although 
Statistics a similarity in the pattern of 
q Sics of the choice data between the 
ang preys et al. (1968) and the Allen 
gee “Stes (1969) experiments, the data 
ee that the additional task of giving 
close Judgments biased Ss to attend more 
ess rd to individual reward values and 

The Structural aspects of the situation. 
Was c training portion of the experiment 
es ean like the situation used by 
test riis et al. (1968) except that recall 
Were i on the individual stimulus words 
Deere at various points during the 
rea of the second list. After the 
rials mia test trials, normal choice 
he abes, rl mis , At the conclusion of 

igh choice trials, a second block of 
Was presented. 


It was not economically feasible to have 
independent groups of Ss interrupted after 
each successive presentation cycle for the 
presentation of the first block of test trials. 
Rather, three independent groups of Ss 
were used: one group was interrupted 
after 4 cycles, which is, on the average, 
before the trial of last error for the choice 
problems; one group was interrupted after 
8 cycles, which is the approximate trial 
of last error; and one group was not inter- 
rupted until after 16 cycles, which is the 
normal sequence. Although this method 
did not allow for a trial-by-trial examina- 
tion of the acquisition of the reward values, 
it did permit examination of the use of the 
reward values while controlling for the 
possible disrupting effects of emphasizing 
the reward values. 

No further work had been done using the 
FIN procedure since that of Keller et al. 
(1965). It was unknown whether Ss 
learned reward values when they were 
given FIN. Since this was an experiment 
on the use of information, it was decided 
to include three additional groups of Ss 
who would receive FIN regarding the 
reward values, but who would also have 
test trials inserted after 4, 8, or 16 cycles. 


Method 


Subjects.—Vorty-eight paid Ss participated in the 
experiment. All were of college age, and most were 
associated with Stanford University. Eight Ss 
were randomly assigned to each of six conditions by 
means of a table of random permutations. 

Apparatus.—Each S sat by himself at a table in 
a sound-attenuated, conditioned room which 
contained only the equipment necessary to display 
stimulus materials and to enable S to make a re- 
sponse. On a table in front of S was a metal box 
containing two rows of response buttons. At the 
beginning of the experiment, the row containing two 
buttons was exposed; the left button was marked 
“L” and the right one “R.” The metal strip which 
covered the second row of buttons was removed at 
the appropriate time. In this row there were nine 
buttons, labeled with the digits 0 through 8. 

On a second table in front of S were two stimulus 
display boxes, one on top of the other. Eight 
characters could be displayed in each box. On 
choice trials, the trigram pairs appeared in the upper 
box and the payofls appeared in the lower display, 
each directly beneath the vowel of the trigram with 
which it was paired. On test trials, the trigram 
stimulus appeared in the upper box and nothing was 
displayed in the lower box. 
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TABLE 1 


PROPORTION OF SUBJECTS Civic THE 
CORRECT REWARD VALUE 


Time first block presented 


4 8 | 16 
k 
H Relative value | Relative value | Relative value 
i} 
High | Low | High | Low | High | Low 
PIN procedure 
| | | 48 
First Ad 38 56 | 3l | -60 E 
Second | .68 49 | NI 45 61 | A6 
FIN procedure 
irst 225 48 -36 .26 40 24 
Sou A9 ES 54 36 36 25 


Note.—Each proportion was obtained by. 
and reward values; therefore, each proportii 
data points. 


collapsing over Ss 
ion is based on 80 


A second room, adjoining the 
a sound-attenuating window 
the automated verbal learning equipment. The 
equipment was operated by means of a modified 
IBM 526 Summary punch which read the pre- 
punched IBM cards and transmitted the informa- 
tion to the programming unit. The programming 


unit displayed the materials at the appropriate 
times and recorded S's responses, 


Stimuli and reward combinatio 
were trigram pairs formed from 
taken from the set of trigrams 
ciation value of 53 in the Glaze listings (Underwood 
& Schulz, 1960). Since a "D" looked like an **O" 
on the display, no trigrams with a "D" were used. 
The set of payoff pairs were 8-0, 8-5, 7-5, 6-5, 5-3, 
3-2, 3-1, 3-0, 6-7, and 1-2. 

The stimulus-payoff lists were constructed so 
that one S in each condition had the same random 
pairing of trigrams and assignment to payoff values, 
For each S, the left-right Sequence and the presenta- 


tion order within a cycle were randomized. The 
presentation order of the test tria 
for each S and fo 


randomization 


S room and sharing 
with it, contained 


ms.—The stimuli 
a pool of 40 CVCs, 
Which had an asso- 


The 
3 P used to generate the 
stimulus-payoff lis © presentation order was 
the same as that used by Humphreys et al. (1968). 

Procedure.—At the beginning of the experiment, 
5 was instructed that y en a trigram pair appeared 
pn the:top screen, he was to Press the button which 
was on the same side of the screen as the trigram 
he believed to be worth more Points. It was made 


clear to S that the amount of money he earned was 
a function of the points he 


^ Y d earned, 
The trigram patr appeared ang remained on until 
after S made hi response, 


When S pressed a 


response key, d; after 1,5 sec., the 


it was illuminate 


cen.. The 
payoff values appeared on the lower F the cael 
trigram pair, the illuminated key, Sri nert trial 
value were turned off after 1 sec. je ne 
began after an ITI of 1 sec. E tind Beem 

Depending upon the condition S had 2 ee 
signed, he was interrupted during the 2 jelt un 
The row of nine buttons w: exposed and hen 
covered. The instructions indicated that “econ 
single trigram appeared S was to press the nass 
which corresponded to the payoff value of ths cles 
gram. If $ had been interrupted after 4 te 
of choice trials, the first block of test trials d 
presented and the choice trials were res M] 
After a short break, the second block of n ; 
wasgiven. In the 16-cycle conditions the two blo 
of test trials were presented last. 

After the last block of test trials, S was told 
purpose of the experiment, his total number Ț 
points, and the amount of money earned. 1.75 
amount of money earned per S ranged from S1. 
to $2.25, with an average of $2.00. 


hi 


Results 


Since the data from the choice trials am 
not of primary interest in this study, € 
trial data are not presented; they A 
available in Allen (1971). The proportio 
of Ss giving the correct reward value E 
the high members and the low member” 
of all reward pairs in a condition are show! 
in Table 1, 

A four-factor an 
computed where ( 
was the number of 
reward value, 


" i ras 
alysis of variance "bi 
he dependent varia ct 
Ss who gave the corre 


pas n$ 
i Phe four factors were b 
formation Procedure used, time of init 


1 d 
test blocks, relative value of the reward H 
a pair, and first versus Second test bloc* 
The last two factors were repeated with!” 


Ss. 


There was a reliable difference due t? 
information Procedure, with performant? 
being better using PIN, F (1, 54) = 26.59! 
p < .01. There was no effect due to th* 
time of initial test block. There was E 
reliable difference between high and Jan 
members of a Pair, with more Ss giving th 
correct value o i member, F (1, 5 
— 17.38, There was also 
reliable difference between the two block? 
of test trials, with more correct response 
on the second block, F G, 54) = 39.61: | 
P <.01. Only one interaction was sig - 
nificant: the Time x Block interaction, 
(2, 54) = 8.77, P< .01. Phe proportio! 


a 


correct increased over the first block, but 
Temained constant over the second block. 
The Pattern of results obtained, if one 
examines the mean estimates of the reward 
E given by Ss, was exactly the same 
of Se Ruin exhibited by the proportion 
ie vac correct reward value. Phe 
s E (mates of Ss who received PIN 
Who ed to the actual value than those 
Pa p FIN. When mean estimates 
oe ipae reward value were pooled, 
hee eke the alternative reward value, 
aaa sah monotone relationship between 
En alues and mean estimates for PIN 
* ‘tons, but not for FIN conditions. 
S. a oneal reported above have been 
Pausi Emen of the reward values of indi- 
OTA 8, „Of more interest was the 
E pom of judgments for each reward 
judges proportion of Ss who made correct 
pair ay for both reward values in a 
exact Or neither reward value, and for 
.eUy one reward value are shown in 
pos 2. These proportions are based on 
avin cona block, and only those protocols 
E. uw choices on the last two 
Shee trials are included. Since the in- 
ie necessary to solve the choice 
Set, "Y was of interest, a criterion was 
OK most all of the protocols excluded 
Pisin Ss who absorbed on the lower 
“ative early in training. 
E n Tells 2 it is evident that inserting 
increase s into the sequence of choice trials 
A ed the learning of the reward values 
Ria information procedures. Also, in 
both condition is it typical for S to learn 
alues. 
Bore be that both reward values were 
Correct c= when the terminal run of 
SAA piesa was begun, but during the 
reward ben of correct choices the 
Goto” a of the incorrect choice was 
Cols | n. To test this hypothesis, proto- 
t 'aving only correct choices between 
Separata and second block were analyzed 
fo ely. There was no evidence for 
rather, there was a shift from 


ejcetting ; 

ler k » E A 

Tom Ang neither to knowing one, or 
She Owing one to knowing both. 

vi Teward values for a problem pro- 
e P P 


not i i i 
only information concerning the 
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TABLE 2 
PROPORTION OF SUBJECT PAIRS MAKING 


ERO, Od 


or Two Correct JupG TS DURING THE 
SEcoxp Brock or TE TRIALS, GIVEN 
Tuar Turm. Two Last CHOICES 

WERE CORRECT 

No. of correct judgments 
Cycle | Ne | 

| 0 | 1 2 

PIN procedure 
1 68 | .16 EN 35 
8 | T3 | 6 | H A0 
16 70 | 24 39i 27 

| | 

FIN procedure 
+ ni A0 .29 Ol 
8 77 38 3l Si 
16 77 .56 36 48 


sible, obtained by collapsing over reward 
s the number meeting the criterion that the 
were correct. 


2 Of the 80 p 
values and à 
last 2 choice 


exact value of each reward, but also the 
alternative which had associated with it 
the higher value, independently of the ab- 
solute value of either reward. The Ss 
might have been learning this relational 
bit of information. A measure of rela- 
tional learning is the proportion of proto- 
cols exhibiting the correct ordering of a 
pair of reward values. A correct ordering 
occurred when S's estimate of the high 
member was greater than the low member 
estimate, regardless of the correctness of 
either estimate. The protocols without 
correct orderings were partitioned into two 
groups, those with incorrect orderings and 
those with equal orderings. These three 
statistics are presented in Table 3. 

The pattern of results was quite similar 
for both information procedures. The pro- 
portion giving correct orderings on the 
first block increased as the time of initial 
test increased, and the proportion correct 
on the second block was approximately 
equal for all conditions. 

Differences become apparent when choice 
trials are considered along with orderings. 
An incorrect absorption is a protocol in 
which at least the last five choices are 
errors. The proportion of incorrect ab- 
sorptions for the 4-, 8-, and 16-cycle PIN 


E 
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TABLE 3 


SUBJE f AV 
PROPORTION OF Supjecr Pairs Wurcir Ha 


z HRINGS 
Correct, INCORRECT, OR EQUAL ORDERI 


OF REWARD VALUES 


———À 
Block = 
T Second ordering 
Time first block First ordering | e M me. 
presented = EU s "me 
| | Equal | Correct Incorrect Mm. 
Correct | Incorrect 5 nas ae d E 
PIN procedure ae 
EXE Em [ 
| w | s 10 E 
E A | X | 09 | — g £5 q 4 
16 31 Bi | 08 oo 8 am | mE. 
FIN procedure — 
Tt 3 ) 
4 66 45 | 19 .85 | 05 | a 
8 15 16 | w 86 | -10 Ti 
16 E at | 10 16 | 2 zr o2 
Note.—Each Proportion is based upon 80 data Points, 


if he had incorrectly 


In fact, there was g 


ment between the 
absorptions and the 
orderings for the PIN 
conditions, 


there were no in- 
Correct absorptions, but the 


Proportion of 
incorrect orderings was approximately the 
Same as the PIN condition, 

Another difference be 
cedures is the use of rel 
by Ss. If there 
relational inforn 


tween the two pro- 
ational inform 
Were perfect utiliz 
nation, 


ation 
ation of 


t ordering 
should be 
t ordering 
N condition this 


alized : P[CC| CO] 
4 


equal to 0 
(IO). In 
prediction was almost re 
= .88 and P[Ce 10] = 2 - In the 8- 
cycle PIN condition, 


Portions increased : P[CC|CO3 - 
P[CC|10] — 45. Th 
Ship manifest for all of 


all of the conditiong 


EXPERIMENT II 


peri” 
From the results of the previous ut 
ment and Allen and Estes (1969), du the 
that it is not necessary for S to yd 
€xact value of either alternative in "a N 0! 
solve choice Problems under either he re 
FIN Procedures, The function of t three 
ward values is not clear; however, them 
possibilities immediately present salue’ 
selves. First (Hypothesis 1), reward Ei re 
provide information as to the corren dini 
Sponse to an item, what is learned this 
the direction of an inequality. M th 
Case, the size of the difference hetwee! fect 
rewards, AR, would not necessarily om 
the rate of acquisition of this bit eal 
formation, Second (Hypothesis 2), re n of 
values influence the rate of acquisiti? cit 
differential approach-avoidance renden in 
to the Component stimuli of an re che 
this case, it would be expected tha wi d 
Tate of acquisition would vary directly is 
AR. The third possibility (Hypothe9? ig 
is that Partial information regarding Siye 
reward value js acquired by S; the pu 
of the reward is not remembered, on 
rather the value is encoded by S cd 
manner, ang that code is remembere hes 
The first two explanations, Hype ent 
1 and 2, are Similar in that each gs er 
has € which is a “wind 


an alternativ. 


| 


the incorrect alternative. 
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le., the correct alternative, and a “loser,” 
ticular rew n - Whether a par- 
d vard value is a winner or a loser 
Eu depend upon the absolute value 
a die Eo MNT, it depends entirely 
ires m. relative values of two alterna- 
7 - .hus a reward of 7 may . be a 
Other in one problem and a loser in an- 
problem. 
procis Uo hypotheses differ in the assumed 
alternati y which rewards indicate which 
Eun the winner. | Hypothesis 1 
Which m learning the inequality, i.e., 
one ter native is the winner, is an all- 
Pothesis Process, independent of AR. Hy- 
Sponse ‘a | Rssumtes that an approach re- 
ut the learned to both stimuli in a pair, 
Mer iino nt acquisition is faster the 
us The tey ard associi ted with a stimu- 
choice : e rate of acquisition of differential 
pce is thus a function of AR. 
sth ae explanation, Hypothesis 3, is 
infor, Td ferent from. the first two in that 
ins "ES concerning the value of each 
fale is learned, and this information is 
ated to the absolute value of the reward. 
e articular reward value, such as 7, would 
encoded in a particular way, regardless 
itj, ether the response associated with 
isa Ie Correct response. Phis explanation 
Sing of the corresponding as- 
"d "m in the model presented by Keller 
s ^ 965). It still requires the assump- 
e at at the moment of choice, .S scans 
SHE cine alternatives and associated 
hone les, It also maintains the all-or- 
assumption governing the learning 
associations. 
gui iment II was designed to distin- 
aid among the three hypotheses. Phe 
i Mental technique combined the train- 
s, Procedures of Exp. I with transfer 
Song PO the method of paired compari- 
of Probl ) After S was trained on a set 
ems, he was presented with a new 
malin Problems which were generated by 
8 new pairs of the component stimuli 
gain t training pairs. The SS task was 
: 9 choose the alternative which would 
More points. The pairs of most in- 
in the PC task were those in which 
ard that was a winner during training 


r 


Crest 
à rew, 


was paired with a reward that was a loser, 
but with the loser having a higher absolute 
value than the winner. 

The method of PCs would generate too 
many pairs to complete during an hour if 
used without modification; therefore, the 
set of reward values used in the training 
phase of the experiment was constructed 
so that a reasonable number of pairs in the 
PC task would be sufficient to differentiate 
the models. The list was constructed so 
that the probability of a winner varied 
directly as the value of the reward except 
for two reward values. The value 5 was 
always a loser and the value 4 was always a 
winner. Another feature of the list was 
that all pairs of reward values with a AR 
of 1 are included except for the pair 5-4, 
and the pairs which involved the extremes 
of the reward value range, 9 and 0. The 
values 9 and 0 were paired together and 
defined the range of reward values; all 
other reward values appeared at least three 
times. 

Using this set of training pairs, it is 
possible to form several useful sets of PCs. 
First, there is the set of all possible com- 
binations of rewards which were in training 
pairs that had a AR of 1. For example, 
using the training pairs 8-7 and 7-6, the 
PC pairs 8-75, 8-65, Ts-76, Ts-6r, and 76-6; 
were constructed. The subscript of the 
reward value indicates the reward with 
which the item was paired during training. 

The second set of PCs involve the values 
5 and 4. There are three subsets: the 
set comparing 5 with 4, e.g., 55-45; the set 
comparing 5 with a winner of value less 
than 5, e.g., 56-31; and the set comparing 
4 with a loser of value greater than 4, e.g., 
45-6;. The third set of PCs involve equal 
reward values, e.g., 32-3; and 61-65. The 
fourth set of PCs are the set of training 
pairs. 

The PC trials provide evidence regard- 
ing the learning of relationships among the 
component stimuli. The technique does 
not allow for the direct assessment of S's 
knowledge of the reward values. There- 
fore, after the sequence of PC trials, test 
trials were presented during which S was 
required to give an estimate of the reward 
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value associated with each stimulus. Per- 
haps S’s judgments would differ depending 
upon whether both members of a pair 
were presented or only one member, so 
both methods of presentation were used. 

All of the experimental conditions in- 
cluded the three types of test trials men- 
tioned above. During training, the two 
types of information feedback were given 
to independent groups of Ss. The amount 
of training was also manipulated; groups 
of Ss received either 4, 8, or 16 cycles of 
the training list. 


Method 


Subjects.—Sixty-three paid Ss participated in the 
experiment. The Ss were from the Rockefeller 
University community, nearby high schools and 
colleges, and were readers of local newspapers which 
carried classified advertisements. Because of a 
programming error, the data of the first 3 Ss were 
discarded. 

Apparalus.—Each S sat by himself in an air- 
conditioned room containing a Techtronix oscillo- 
scope and two response panels. At the beginning 
of the experimental session, only the 2-button 
response box was visible; the buttons were un- 
marked. At the appropriate time, the 10-button 
response panel was put on the desk; the 10 buttons 
were marked with digits 0 through 9. A black pl 
wood board covered the front of the oscilloscope e 
cept for the screen. Each character, formed by dots 
of light, was 1 cm. high (six dots) and up to .5 em. 
wide (five dots). Rewards were displayed beneath 
the middle character of the syllable with which they 
had been paired. 

A PDP-8/I computer was in the adjoining room. 
Once E had set the switches to indicate the experi- 
mental condition which was to be used, the experi- 
ment was under computer control. The sequence 
of events during each trial was determined by the 
computer program, and the data were recorded by 
the computer, 

Stimulus and reward combinations.—The stimuli 
for the practice trials were word pairs formed from 
a pool of 10 common, three-letter English nouns. 
1 Ue Teward pairs used were 9-0, 8-1, 9-8, 8-0, and 

The stimuli for the training trials were trigram 
pairs formed Írom a pool of 32 CVCs which had an 
association value of 47 or 53 in the Glaze listings 
(Underwood & Schulz, 1960). The set of trigrams 
Was SD Constructed. tht ail vowels occurred with 
approximately equal frequencies and no sequence 
of two letters was duplicated in the list of trigrams. 
The reward pairs used in the training list were 
9-0, 7-3, 6-2, 8-5, 6-3, 4-1, 8-6, 7-5, 42, 3-1, 8-7, 
7-6, 6-5, 4-3, 3-2, and 2-1. 

The same randomization te 
were used to form the stimulų 


chniques used in Exp. I 
'S-reward combinations 
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and the trial sequence; the only difference was that 
complete randomization was done for each Se 

The stimuli for PC trials were pairs of trigrams 
which were associated with the list of reward pairs 
used in the PC block. The side on which the lower 
valued trigram appeared was randomized, as was 
the order of presentation. 

The stimuli for the first block of judgment test 
trials consisted of each of the trigram pairs used in 
the training block, and an arrow which was located 
beneath one of the trigrams and pointed to it. 
Each pair appeared twice within the block of trials, 
but on each trial the arrow pointed toward a dif- 
ferent ram. The side on which the arrow ap- 
peared randomized, as was the order of presenta- 
tion within the block. The stimuli for the second 
block were the trigrams presented singly. Each 
trigram appeared once during the block, and the 
order of presentation was randomized. 

Procedure.— The. Ss were randomly assigned to 
the experimental condition by means of a table of 
random permutations. The instructions read to Ss 
were equivalent to those used in Exp. I. 

The sequence of events for both the practice and 
training choice trials was as follows: the stimulus 
appeared and remained on until 5 made his response. 


res 


When S responded, the appropriate reward values 


stimuli and 
The ITI was 1.5 sec. If 
the word 


appeared on the screen beneath the 
remained on for 2 sec. 
no response was made before 15 se 
"ZERO" appeared on the 

After the block of pra 
number of errors he made during the last cycle of 
the practice list. Any questions were answered by 
paraphrasing the instructions, 

After the block of training trials was presented, S 
was instructed that trigrams used in training would 
be shuffled and new pairs formed. The procedure 
was the same as training trials except that after S 
made his response, the stimulus remained on the 
screen for 1 sec. No new information was given to S, 
The maximum time S had in which to respond was 
15 sec, 

After the PC trials, the 


10-button response panel 
was placed in front of 5, and the instructions indi- 
cated that when the stimulus appeared on the screen, 
S was to recall the number of points associated with 
the trigram which had the arrow beneath it. The 
S had 15 sec. to respond. After S's response, the 
trigram pair and arrow remained on the screen for 
l sec. The ITI was 1 The block of judgment 
test trials on individual trigrams was presented 
after the completion of the first block of judgment 
test trials. The Sequence of events for the trials 
was the same as the first block except single trigrams 
were the stimuli, 

There were about five instances during the PC 
and judgment blocks in which S failed to respond 
within the allotted 15 sec. In this event, E wrote the 
stimuli on a sheet of Paper, and after ‘the block of 


trials was completed he had 5 make an appropriate 
response on the paper, 


After the exp 
purpose of the e. 


[ri 


eriment was over, S w. 


d as told the 
Xperiment 


and his number of points, 
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which was tallied by the computer, and was given 
the amount of money he had earned. The money 
earned per S ranged from $1.75 to $3.75, with an 
average of $2.25. 


Results 


Again, data from the choice trials are 
not presented. The first set of PCs were 
the pairs used in the training list. The 
overall proportions of correct responses for 
4-, 8-, and 16-cycle, PIN conditions were 
-60, .66, .81, respectively; and the propor- 
tions correct for the 4-, 8-, and 16-cycle 
FIN conditions were .74, .90, and .84, re- 
spectively. While the proportion correct 
clearly increased as training increased for 
the PIN condition, the 16-cycle FIN group 


WINNER WITH LOSER 
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and between losers which came from training pairs 
with AR = 1. 


performed slightly worse than the 8-cycle 
FIN group. 

The second set of PCs was formed from 
rewards coming from pairs which had a 
AR of 1 on training. For presentation 
here, these data were partitioned into com- 
parisons between winners and losers, and 
pooled within PIN and FIN conditions. 
First, the proportion of times that a par- 
ticular winner was chosen over the various 
losers was calculated. For example, the 
winner 65, in the PIN condition, was chosen 
61% of the time over the losers 75, 67, 5» 
3, 2s, and 1e The proportions are pre- 
sented in the top graph of Fig. 1. The 
95% confidence interval is .43 to .57, as- 
suming that the choices are equally prob- 
able and independent. The proportion 
decreases monotonically as the value of 
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TABLE 4 
PROPORTION OF TIMES 


A Loser Was CHOSEN OVER 


A WINNER WHEN THE W R Was 
OF Lower VALU 
PC pair 
Training 
TEO | Miane | swima | 5 witht 
PIN 
4 .68 57 -64 
8 .50 48 51 
16 38 34 31 
FIN 
4 39 49 34 
8 33 34 E 
16 .29 .30 30 


Note,—Each entry is based upon 90 data points, 


the winner decreases for the PIN condi- 
tions. The FIN curve is essentially flat 
and well above chance. 

The proportion of times each loser was 

chosen when it was Paired with a winner is 
shown in the bottom graph in Fig. 1; for 
example, the loser 3,, in the FIN condition, 
was chosen 31% of the time when it was 
Paired with one of the winners, 87, 76, 65, 
4s, 39, and 2, The proportions for the 
PIN conditions decrease monotonically as 
the value of the loser decreases, indicating 
that small reward values Were avoided more 
than large values, The entire curve for 
the FIN conditions is below chance, indi- 
cating a marked avoidance of losers, and 
there is not a Strong relationship with re- 
Spect to reward value. 
The proportion of times a particular 
nner was chosen when Paired with an- 
other winner is plotted in the top graph of 
Fig. 2 for the pooled PIN and pooled FIN 
Conditions, All reward values came from 
training pairs which had a AR of 1. The 
95% confidence interval, assuming chance 
responding, is .42 to 58. The proportions 
decrease monotonically as the reward value 
decreases for the PIN conditions, while the 
proportions fluctuate around the chance 
level for the FIN conditions, 

The proportion of times a particular 
loser was chosen when paired with another 


wi 
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loser is plotted in the bottom graph of 
Fig. 2. Again data were pooled within 
information procedures, and all reward 
values came from training pairs which had 
à AR of 1. The proportions for the PIN 
conditions decrease as the value of the 
loser decreases; there is one aberrant point 
which makes the curve nonmonotonic. 
The FIN curve decreases only slightly as 
the reward value decreases. 

Three sets of PCs involve reward values 
5 and 4; all of them pair a loser with a 
winner of lower value, e.g., 55-43. There 
is no evidence of a relationship between 
performance and the AR of the training 
pair from which the rewards came; there- 
fore, the results are reported in terms of 
the proportion of times the loser was chosen 
Per set of comparisons for each experi- 
mental condition, Table 4, If chance re- 
sponding is assumed, the 95% confidence 
interval is .40 to .60, 

In the PIN conditions, the proportions 
of times a loser was chosen, even though 
it was of higher value than the alternative, 
decreased as the number of training trials 
increased. In the FIN conditions, the pro- 
portions are below the chance level, 

There are two sets of PCs which involve 
equal reward values, comparisons among 
3's and comparisons among 6's, Within 
neither set of comparisons is there any 
evidence of a relationship between per- 


TABLE 5 

PROPORTION or CHOICES FOR , OSER IN PAIRED 
COMPARISONS INvoLvI MULI OF 

EQuaL REWARD VALUE 


Procedure 
PIN FIN 
Training 
trial 
Pait Pair 
ee ee ROME 
Samea Different» Same Different 


* stimulus was composed of a loser and a winner, 
based upon 120 data points. 
3 41 to 59, 


Each 
The 95% confidence 


A 
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formance and the AR of the training pairs 
from which the rewards were drawn. The 
data have been dichotomized into com- 
parisons between a loser and a winner, and 
between either two winners or two losers. 
he pair 39-32 is an example of two losers. 
The two sets have been pooled. In a 
comparison involving two losers or two 
winners, the reward which had been paired 
with the higher valued alternative on train- 
ing is arbitrarily denoted as a loser; for 
example, for 35-3; the stimulus associated 
with the 3; is considered the loser. The 
results are presented in Table 5. 

In the PIN conditions, for different 
Pairs, the proportion of Ss choosing the 
loser decreases monotonically from chance 
as the amount of training increases. This 
trend is much less marked for the same 
Pairs, 

In the FIN conditions, the proportion 
of Ss choosing the losers deviates little 
from the chance level; while, for different 
Pairs, the proportion fluctuates around a 
point well below chance, indicating a strong 
preference for a winner, even though both 
reward values are equal. 

The proportion of Ss who gave the exact 
reward during the two blocks of test trials 
did not differ in the PIN conditions, 
t = .45, p > .10. For the FIN conditions, 
the difference was significant, / = 2.36, p 
< .05, but the performance difference was 
so small, .03, that it was considered of no 
consequence. Therefore, the data for the 
two blocks were pooled. 

The distributions of judgments for each 
reward pair used during the training trials 
are presented in Table 6. Shown are the 
Proportions of Ss who made correct judg- 
ments for both reward values in a pair, 
correct judgments for neither reward, and 
One correct judgment and one incorrect 
Judgment. 

A two-factor analysis of variance was 
conducted in which the dependent variable 
was the average number of Ss who knew 
neither reward value for each reward com- 
bination. The two factors are the type 
of information given to S and the number 
of training cycles. There is a reliable 

ifference between the PIN and FIN con- 


TABLE 6 


PROPORTION OF SUBJECT PAIRS MAKING ZERO, ONE, 
or Two JUDGMENTS 


No. of correct judgments 


Training trial 


PIN procedure 


4 .68 30 .02 
8 .65 30 04 
16 46 EK! 10 


FIN procedure 


4 .68 27 04 
8 72 24 04 
16 61 29 10 


Note.—Each proportion is based upon 160 data points. 


ditions, with fewer Ss knowing neither re- 
ward value in the PIN conditions, F (1, 90) 
= 5.77, p «.05. The main effect of 
amount of training is highly significant, 
with the number of Ss knowing neither 
reward value decreasing as training in- 
creases, F (2, 90) = 10.01, p < .01. Of 
Ss who learned the value of at least one 
reward value, most Ss learned the value 
of exactly one reward. However, of Ss 
knowing at least one, the proportion of Ss 
knowing both values increases as the 
amount of training increases; this is true 
for both PIN and FIN. 


DISCUSSION 


The two methods of presenting reward in- 
formation during the choice trials exerted 
different demands upon S; and in response, 
S performed differently in the two types of 
situations. The rate of learning during the 
choice trials was much faster under the FIN 
procedure than under the PIN procedure. 
However, the difference between the two 
procedures was not only in the rate of learning. 
Different types of information were acquired 
by S in the two situations. The present two 
experiments demonstrated that under neither 
procedure was the acquired information simply 
the explicit value of the reward. Most Ss 
could not recall the explicit value of both 
rewards, and, when they were able to recall a 
value, there was good evidence that the value 
had been learned after the choice problem 
had been solved. This view that the type of 
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information used by S is determined in part 
by the test situation is consistent with the 
theoretical schema of Atkinson and W ickens 
(1971). D n 
In the FIN conditions, there was nothing 
in the choice task which required .S necessarily 
to learn the exact value of the reward assigned 
to each stimulus alternative. Following each 
response, both outcomes were presented and 
S could observe which alternative was worth 
more points. The minimum information 
which must be extracted from the outcome 
event is identification of the winner. It ap- 
peared that the strategy of S was to acquire 
the minimum information. During a later 
phase of the experiments in which the winner 
of one problem was paired with the loser of 
another problem, S consistently chose the 
winner, even when the loser was of higher 
value. If two winners were paired together 
and presented to S, there was no preference 
for the higher valued one; the same was true 
when two losers were Paired together. If two 
alternatives which had equal value, but only 
one of which was a winner during the training 
phase, were paired together and presented, 
the winner was consistently chosen, 
Was no evidence that the preference for a 
winner was related to the difference between 
the values of the winner and the loser. 

Of the three hypotheses concerning the 
function of rewards, Hypothesis 1 was clearly 
Supported by data obtained using the FIN 
procedure. This hypothesis predicts that the 
winner of a problem during training should 
be chosen when paired with a loser, indepen- 
dently of the values of the winner and loser 
in the PC problem, and independently of the 
difference between reward values in the train- 
ing problem. 

The hypothesis was supported by the PC 
data obtained from Exp. II and Was consistent 
with the data obtained from Exp. I. In the 
latter experiment, judgment trials, on which § 
indicated the reward value of each stimulus 


various times during 
experiment. Only a 
of Ss learned the explicit 
ards, but a high Proportion 
learned the relation between the rewards. 


: called value of the winner was 
typically not Correct, but it was higher than 
the recalled value of the loser, 


Hypothesis 1 Predicts that all 
learn the correct relation, 
ber of Ss did learn, a 
either had the relation 
equality relationship, 


There 


Ss should 
While a large num- 
Substantial number 
.IeVersed or evinced an 
Phe easiest explanation 
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of this finding was that Ss generated a re- 
sponse appropriate to the learned inequality 
instead of recalling a reward value; that is, a 
winner would be given a higher reward value 
and a loser a low one. This explanation was 
supported by a number of observations 
(Allen, 1971). First, there was not a clear 
relationship between judgments and actual 
reward values, except for the extreme values. 
Second, there was considerable fluctuation in 
the judgments between the two cycles of 
judgment test trials when both cycles were 
given at the end of the choice sequence. And 
third, a reward value which was not included 
in the set of rewards was emitted a substantial 
number of times during the judgment test 
blocks, 

The PIN procedure was a more complex 
situation. While the simplest assumption is 
that Ss learn the explicit reward values, and 
then make choices in accordance with them, 
this notion was not supported by the data. 
Both Exp. I and II showed that most of the Ss 
learned only one of the outcomes, and that this 
learning occurred largely after the start of the 


terminal string of 100% correct responses, 
There 


Was substantial evidence that Ss 
acquired more information concerning the 
reward values under the PIN procedure than 
under the FIN Procedure. On the judgment 
test trials inserted at Various points in the 
series of partial information choice trials, 
there was a monotonic relation between actual 
values and judged values of the rewards, and 
the correlation increased with number of 
Previous choice trials. The reward value 
Which was not included in the reward struc- 
ture occurred on test trials given early in the 
choice Sequence, but very infrequently on 
later test trials. 

On the PC test trials, the 
dence that following PIN tr 
related to the 


re was strong evi- 
aining, choice was 
value of the reward and was 
independent of whether the reward was a 
Winner or loser during training. In pairs 
Which had unequal alternatives, with one being 
a winner and the other a loser on training 
trials, the Probability of the winner being 
Chosen decreased as the value of the winner 
decreased ; likewise, the probability of the 
loser being Chosen decreased as the value of 
the loser decreased. The relationship between 
Preference and value was also present in com- 
parisons between two Winners and between 
two losers. In PC pairs which had two equal 
outcomes, with one a winner and the other a 


loser during training, there was no preference 
for either alternative, 
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Hypothesis 3 was generally supported by 
the data obtained with the PIN procedure. 


"e z 
“* There was no evidence from the judgment 


data that the amount of information acquired 
Concerning an outcome was a function of AR, 
the difference between the two reward values 
of a pair. 

The frequency of error (choices of the lower 
valued alternative) during learning under the 
PIN procedure was a function of AR. How- 
ever, this result may be interpreted as a per- 
formance eflect. Following Keller et al. (1965), 
it may be assumed that after one member of a 
pair of alternatives has been encoded and the 
code stored in memory, the probability of 
shifting from that alternative on a subsequent 
choice trial is inversely related to the known 
reward value. 

There was one attribute of the PC data 
which did not support Hypothesis 3. As the 
amount of training increased, the relation be- 
tween preference and reward value was at- 
tenuated and an increasing preference appeared 
for the alternative which was the winner 
during training, whenever a winner was paired 
with a loser. If a winner was paired with a 
Winner, or loser with loser, the relation be- 
tween preference and reward value increased 
as training increased, as predicted by Hypothe- 
sis 3. A possible explanation was that after 
the choice problem had been solved, and S 
consistently chose one alternative, the favor- 
able outcome was reencoded by S as a winner. 
On transfer pairs which involved a winner and 
loser, the more recent encoding would be used, 
since no conflict would arise; on transfer pairs 
involving two winners, the more recent 
encoding would not provide a basis for choice, 
and S would revert to the earlier encoding. 

Taken together, the results of the present 
study obtained with both the PIN and FIN 
procedures support the common basic concep- 
tions of several current theories of reinforce- 
ment in human learning (Atkinson & Wickens, 
1971; Buchwald, 1969; Estes, 1969; Nuttin & 
Greenwald, 1968). All of these theories share 
the assumption that S acquires information 
about relations between alternative choices 
and rewards rather than having response 
tendencies directly and automatically strength- 
ened by rewards as in classical law of effect 
doctrine (Postman, 1962; Thorndike, 1935). 

At the same time, some of the more specific 
aspects of the informational theories are seen 
to require revisions. All share the assumption 
that S learns relations between stimuli and 
rewards essentially in paired-associate fashion. 
the nature of the learning process and the con- 


nection between learning and choice being 
speled out in greatest detail in the model 
proposed by Keller et al. (1965) and elaborated 
by Humphreys et al. (1968) and Medin (1969). 
The present study demonstrates that this 
assumption requires substantial revision. In- 
formation concerning stimulus-reward rela- 
tionships is indeed acquired by S under both 
of the procedures studied, and the rate of 
acquisition is probably independent of reward 
values. However, the result of learning is 
not necessarily a single association between 
an object of choice and a reward value; and 
the character of the information acquired is 
determined in part by aspects of the training 
and test procedures. 
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Recall of serial order was tested with familiar and unfamiliar visual forms at 


presentation rates either too fast to, 


or slow enough to allow verbal encoding. 


It was found that when only a single test trial was given following varying 
amounts of study trials, the slow presentation rate facilitated recall of serial 
order of familiar forms but not unfamiliar forms for which verbal codes were 


presumably relatively unavailable. 
followed each study trial, 
develop verbal codes for 


It was further found that when test trials 
allowing Ss adequate Opportunity presumably to 
the unfamiliar forms, 


the slow presentation rate 


facilitated recall of serial order for both familiar and unfamiliar forms. 


Paivio and Csapo (1969, 1971) have 
shown that increasing the rate of stimulus 
presentation during study trials adversely 
affects serial memory for familiar visual 
forms to a greater extent than for concrete 
and abstract words.  Paivio and Csapo 
accounted for this in terms of the relative 
availability of imaginal and verbal memory 
codes and in terms of the compatibility of 
the available memory codes with the de- 
mands of the Sequential memory task, 

Paivio and Csapo (1969, 1971) asserted 
that stimulus information can be Stored in 
either one, or both, of two Ways: an imagi- 
nal memory code, or a verbal memor code. 
They further assumed that visual imagery 
is specialized for parallel processing, in a 
Spatial sense, but not for sequential pro- 
cessing. On the other hand, verbal memory 
codes are specialized for sequential process- 
ing because of the sequential nature of the 
auditory-speech System. Hence, it follows 
that verbal codes would generally be more 
useful in storing sequential 
than would imaginal 
amiliar visual form is one that can elicit 
both types of memory codes, However, 
verbal coding of à familiar visual form takes 
longer than lor a word, Increasing the 
Speed of presentation of visual forms to a 
rate so fast that there is insufficient time for 
the verbal memory codes to be elicited 

1 The authors Wish to thank 
his istance in running Ss 
for his assistance in collating and analy ng the data. 
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information 
memory codes. A 
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should lead to a decrement in serial mem- 
Ory, since the necessary verba] memory 
codes for the storage of sequential informa- 
tion would be less available at a high presen- 
tation speed. This decrement should be 
more marked in serial memory of familiar 
forms than for words because of the greater 
amount of time necessary to generate the 
verbal codes in the case of the forms. 
The present experiments were a further 
investigation of the implications of the 
Paivio and Csapo (1969, 1971) account of 
the effects of rate of presentation on serial 
memory for visual form stimuli. In Ex. T. 
the relative effects of speed of presentation 
on the serial memory for familiar and un- 
familiar visual forms was examined. It was 
assumed that verbal memory codes are 
relatively more available for familiar forms 
than for unfamiliar forms. The fast Speed 
was at a rate that Paivio and Csapo (1969) 
found to produce reasonably high free recall 
and recognition with form stimuli, 
suring discriminability among forms. The 
Slow speed was a rate found by Paivio and 
Caspo (1969) to further allow implicit 
verbal labeling of the forms. It Was pre- 
dicted that serial memory for familiar 
forms would be greater than for unfamiliar 
forms because of the greater availability of 
the verbal memory code for familiar forms, 
However, serial memory for familiar forms 
should be affected more adversely by an 
increase in the speed of Presentation than 
serial memory for unfamiliar forms because 
of the greater availability of the verbal 
memory code for familiar forms. Actually 


thus in- 


e 
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serial memory for familiar forms should not 
differ from serial memory for unfamiliar 
forms at a presentation rate too fast for 
the verbal codes to be elicited. 

Experiment II investigated whether in- 
creasing the amount of experience with the 
forms, and thereby allowing Ss an oppor- 
tunit to produce a verbal code for the un- 
famili: r forms, would increase serial mem- 
ory for the unfamiliar forms, thereby dimin- 
ishing differences between serial memory for 
the familiar and unfamiliar forms. The 
further experience with the familiar forms 
should not affect serial memory for these 
forms at the fast presentation rate, which 
presumably does not allow the verbal codes 
to be elicited. 


EXPERIMENT I 
Method 


: Subjects and design.—Two hundred and forty 
introductory psychology students at the University 
of Toledo served as Ss in z 2x2 X 6 factorial 
design, with 10 per cell. here were 2 levels of 
stimulus familiarity (familiar and unfamiliar), 2 
rates of presentation (fast and slow), and 6 levels 
of trial presentations (1, 3, 7, 12, 18, and 25). All 
24 conditions of the experiment involved indepen- 
dent groups. 

Stimulus materials —Twelve unfamiliar and 12 
familiar forms were constructed by cutting silhou- 
ettes of the forms out of black construction paper. 
The unfamiliar items were 6, 12-point, and 6, 16- 
point random shapes originally constructed by 
Vanderplas and Garvin (1959) (12-point No., 20, 
21, 23, 25, 29, and 30; and 16-point No., 9, 10, 14, 

, 26, 28). The familiar forms were 12 familiar 
objects (key, sailboat, rifle, airplane, arrow, shoe, 
Car, lamp, toothbrush, fork, chair, and hammer) 
drawn in silhouette and having similar degrees of 
Shape complexity to the unfamiliar random shapes; 
Łe., 6 of the forms had 12 points and 6 had 16 points. 
The familiar forms were first drawn freehand and 
then reduced to either 12 or 16 points by placing 
à point at each angle in the drawing. Straight lines 
Were then drawn between successive points and the 
outline of the form was cut out of black construction 
Paper. This resulted in clearly recognizable shapes 
Which were easily and cons ently labeled. 

The 24 stimuli were photographed on both 8-mm. 
black and white movie film, and on 35-mm. high- 
contrast black and white film. The forms were 
Photographed in such a manner that they occupied 
approximately the same area on the film format. 
The 35-mm. negatives were used to make one 3 X 3 
in. black and white photographic print of each of 
Ds 2 stimuli which, in turn, were mounted on 

X 3 in. heavy cardboard. 

Procedure,— en Ss were randomly assigned in 

locks of 24 to each of the 24 experimental condi- 


tions. The experiment was conducted in two parts: 
a series of study trials, followed by a-serial recogni- 
tion test. During the study trials, 5 was seated at 
a table facing a screen mounted on the wall approxi- 
mately 4 ft. away. The S was instructed that he 
would see a number of forms which would be pre- 
sented several times in the same order. He was 
told to try to remember the order in which the forms 
were presented. The S was then shown either the 
list of familiar or the list of unfamiliar forms at 
either the fast or slow rate for either 1, 3, 7, 12, 18 
or 25 trials. The fast and slow presentation rates 
were controlled by the spacing between forms on 
the 8mm. movie filmstrip. At both rates, the 

as exposed for jy sec. At the slow rate, 
followed by seven blank frames, 
ec. interstimulus interval (two items 
per second). At this rate, it was assumed that the 
familiar pictures could be named covertly. The 
fast rate was accomplished by having only two blank 
frames after each stimulus item and resulted in a 
. interitem interval (5.3 items per second). 
This rate was assumed to be too rapid for Ss to 
name the familiar forms covertly. (See Paivio & 
Csapo, 1969). 

The lists were presented by a Technicolor 200-A, 
S-mm. continuous filmstrip projector at a rate of 
16 frames per second. Preceding each trial, the word 
“ready” appeared on the screen for 2 sec. followed 
by a blank screen for à sec. to signal the beginning 
of a new trial. At the end of each trial, the screen 
was blank for 3 sec. Thus, the total intertrial 
interval was 3 sec. During the study trials, the 
room was lighted only by a 15-w. bulb to allow Æ 
to view the apparatus. 

Following the study trial (s), S was given a pack 
of 12, 3 X 3 in. cards containing the 12 forms he 
had seen during the study trials and allowed 60 
sec. to place them in the correct serial order. The 
cards were given in a different random order for 


each S. 


Results 

The mean number of items placed in their 
correct serial positions as a function of the 
number of study trials, stimulus familiarity, 
and speed of presentation are shown in 
Fig. 1. It can be seen in Fig. 1 that more 
familiar forms were correctly positioned 
then unfamiliar forms, that more forms 
were correctly positioned at the slow presen- 
tation speed than at the fast presentation 
speed, and that the number of forms cor- 
rectly positioned increased over trials. A 
2X 2X6 analysis of variance of these 
data indicated that the main effects for 
familiarity, speed of presentation, and 
study trials, and the Familiarity X Speed 
and the Familiarity X Study Trials inter- 
actions were all statistically reliable beyond 


each form w: 
resulting in a à 
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Familiar, Slow 


Familiar, Fast 


Unfamiliar, Fast 


Unfamiliar, Slow 


12 18 25 


STUDY TRIALS BEFORE TESTING 


Fic, 1. 


Mean number of correctly positioned forms in Exp. I as 


a function of 


the stimulus familiarity, speed of presentation, and number of study trials be- 


fore testing. 


the .01 level of confidence, F (1, 216) = 
185.24, F (1, 216) = 66.22, F (5, 216) — 
21.69, F (1, 216) = 64.20, and F (5, 216) 
= 9.50, respectively. The Familiarity x 
Speed x Study trials interaction was not 
Statistically significant, F (5, 216) = 25. 
P 7.05. Analysis of the simple main 
effects of familiarity indicated that more 
familiar forms were correctly positioned 
then unfamiliar forms at both presentation 
speeds (5 < .01), Analysis of the simple 
main effects for Speed at each level of 
familiarity indicated that Speed had a 
statistically significant effect with the 
familiar forms (b « .01) but not for the 
unfamiliar forms (5 > 4S), 

The significant Familiarity X Study 
trials interaction reflects the fact that the 
difference between familiar and unfamiliar 
forms generally increased with increasing 
numbers of Study trials. Analysis of the 
Simple main effects of familiarity at each 
of the six trial levels resulted in a reliable 
difference between familiar and unfamiliar 
forms at all trial levels (b < .01) except 
the first trial (p > .05), The simple main 


effects for study trials at each level of 
familiarity revealed a significant study trial 
effect with both familiar and unfamiliar 
forms (p< 01). In order to determine 
whether there was any significant increase 
in performance between the first and last 
study trials, individual ¢ tests were per- 
formed for each of the familiarity condi- 
tions at each of the presentation rates using 
an error term based only on the data being 
compared. All of the /s Were significant 
beyond the .01 level, except that for the 
unfamiliar forms at the fast rate (p > .05). 

The results of Exp. I are in accord with 
the experimental hypothesis, When the 
rate of presentation was increased, it was 
found that performance with the familiar 
forms was significantly diminished, while 
that with unfamiliar forms was unaffected. 
These results are what would be expected 
if it is assumed that familiar forms are more 
easily encoded verbally at the slow rate 
than unfamiliar forms and that increasing 
the rate Of presentation minimizes the 
amount of verbal encoding that is possible 
with either type of form, 
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EXPERIMENT II 


As a further test of the hypothesis that 
the availability of a verbal memory code 
affects the retention of sequential infor- 
mation, a second experiment was con- 
ducted simultaneously with Exp. I. It was 
reasoned that if S was tested for recall of 
serial order after each study trial rather 
than after all study trials were completed, 
as in Exp. I, the test period would provide 
S an opportunity to familiarize himself with 
the individual test stimuli without provid- 
ing any new correct sequence information. 
In the case of Ss viewing the unfamiliar 
forms, this would provide an opportunity 
to develop implicit verbal codes which 
could be used for the retention of the serial 
order of the stimuli. This experience should 
be relatively more facilitative of the un- 
familiar forms shown at a slow rate than 
those shown at a fast rate, since even 
after S had developed a verbal code for the 
unfamiliar forms it would be unavailable 
during the study trials given at the fast 
rate, In contrast, the additional experience 


12 
T 


MEAN NUMBER CORRECTLY POSITIONED 


Familiar, Slow 


with the already familiar forms during test- 
ing should have relatively little effect upon 
the familiar forms since Ss presumably 
already had verbal codes for these forms. 


Method 


The Ss used in Exp. II were the same as those 
assigned to the one-trial conditions in Exp. n 
Thus, the data for Trial 1 in both experiments were 
identical. However, following testing after Trial 
1, these Ss were given repeated study trials with the 
forms, cach trial followed by a test for serial recall. 
The Ss were given no feedback about the correctness 
of their ordering of the stimuli on the tests. Study- 
test trials were continued until S had correctly 
positioned all 12 stimuli on two successive trials or 
for 25 trials, whichever came first. A perfect score 
of 12 was given for the remainder of the trials 
after S had reached the criterion, The cards con- 
taining the training forms were given to S ina 
different random order on h test trial. In all 
other respects, the method w. identical to that of 


Exp. I. 


Results 


The mean number of stimuli correctly 
positioned in the test for recall of serial 
order as a function of the number of study- 


sTUDY-TEST TRIALS 


Fic. 2. Mean number of correctly 


of stimulus familiarity, speed of presentat 


trials. 


position 


ned forms in Exp. I] as a function 
jon, and number of study-test 
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test trials, stimulus familiarity, and speed 
of presentation are shown in Fig. 2. In- 
spection of Fig. 2 indicates that the pattern 
of results were very similar to the results of 
Exp. I, with one major exception: the 
number of correctly positioned unfamiliar 
forms presented at the slow rate increases 
markedly over successive study-test trials. 
Indeed, performance on Study-Test Trial 
25 is nearly identical for familiar and un- 
familiar forms at the slow rate (11.3 vs. 
11.2 items positioned correctly), although 
this probably represents a ceiling effect. 
A 2x23: analysis of variance with 
repeated measures on the last variable was 
performed on the results of Exp. II and 
supports the above conclusions. The analy- 
sis revealed statistically significant (p <.01) 
main effects for familiarity, speed, and 
Study-test trials, F (1, 36) — 27.24, F 
(1, 36) = 72.71, and F (24, 864) = 77.86, 
respectively. The analysis also revealed 
significant (p < .01) Familiarity X Study- 
Test Trials, Speed x Study-Test Trials, 
and Familiarity X Speed X Study-Test 
Trials interactions, F (24, 864) = 5.07, 
F (24, 864) = 23.81, and F (24, 864) = 
5.51, respectively. The Familiarity X 
Speed interaction failed to reach statistical 
significance (p > .05), however, this was 
qualified by its significant interaction with 
trials reported above. Analysis of the sim- 
ple effects of trials under each of the com- 
binations of familiarity and speed condi- 
tions indicated that trials was a significant 
(p < .01) source of variance under all of 
the conditions. Individual ¢ tests for cor- 
related means employing error terms based 
only on the data in each comparison re- 
vealed significant (b < .01) improvements 
in performance between the first and last 
study-test trials for both familiar and un- 
familiar forms at both the slow and fast 
presentation speeds, 

In order to make a direct 
tween the results of Exp. | 
2 X 2 analysis of variance 
order performance on the 


comparison be- 
and Il, a 2 X 
of recall of serial 
twenty-fifth trial 


in Exp. I and |I was performed, This 
analysis revealed significant (b < .01) main 
effects for familiarity, F Qi; 72) = 23.87. 


speed, F (1,72) = 86.18, and type of testing 
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procedure (single vs repeated), 
= 40.50. 
Procedure, and Speed X Type of Test 
Procedure interactions were also statisti- 
cally. significant beyond the .01 level of 
confidence, F (1,72) = 60.69, and F (1, 72) 
= 15.47, respectively. The Familiarity X 
Speed interaction was not statistically re- 
liable (p > .05) although this finding was 
qualified by a reliable three-way Familiarity 
X Speed X Type of Test Procedure inter- 
action, F (1,72) = 10.40, p < .01. Analy- 
sis of the simple effects revealed that 
familiarity was a significant source of 
variance at the slow presentation speed in 
Exp. I, (6 <.01) but not in Exp. I] 
(p > .05). These results reflect the fact 
that at slow presentation speeds there was 
a substantial difference in performance on 
familiar and unfamiliar forms after 25 
Presentations followed by a single test for 
recall of serial order (Exp. I) but no 
nificant difference between them after 
studv-test trials (Exp. II). The analysis 
of the simple effects of stimulus familiarity 
also indicated that there was a significant 
difference in performance between familiar 
and unfamiliar forms at the fast presenta- 
tion speed in Exp. Il, (p < 01), but 
not in Exp. | (b « .05), although the dif- 
ference in Exp. I was in the same direc- 
tion. Analysis of the simple effects for 
type of test procedure indicated that sig- 
nificantly (p < .05) more familiar. forms 
under the fast presentation rate and sig- 
nificantly (b < .01) more familiar and un- 
familiar forms under the slow presentation 
rate were correctly positioned in Exp. II 
than in Exp. | (b < .05). However, there 
was no statistically reliable effect for type of 
study-test procedure with unfamiliar forms 
at the fast rate (b > .05). 


R (1, 12) 


sig- 
25 


Discussion 

The results of both Exp. I and II are con- 
sistent with the Paivio and Csapo (1969, 1971) 
hypothesis that sequential memory is depend- 
ent upon the availability of 
code. In Exp. I, the results indicated a strong 
interaction between stimulus familiarity and 
speed of presentation Which was consistent 
Over increasing numbers of trials. Serial 
memory for familiar forms was sharply reduced 


à verbal memory 


^ 


The Familiarity X Type of Test + E. 


A] 


| 


Ss 


SEQUENTIAL MEMORY AND FAMILIARITY OF FORMS 


by increasing the speed of presentation, while 


« unfamiliar forms were unaffected by an increase 


A pe 4 
ability of Ss to verbufly- weis e nhe 
forms and hence to st c infer : aa eid 
ied vale vg ben information pertain- 
that unfamiliar rnm eleta is = ae 
verbal codes dud y ihe ane E a ioe 
ot Me tem ng the study trials and thus, 

a ed by an increase in the speed of 
presentation. 

An additional finding in Exp. I was that 
even at the fast presentation rate, performance 
with familiar forms was superior to that with 
aged gers ; TM explanations of this 
A S possible. However, one that 
Seems likely is that Ss given the familiar forms 
at the fast rate were able to verbally encode 
& few of the forms by attending to only part 
of the list. Thus, even though the presenta- 
tion rate was too rapid to verbally encode the 
entire list of forms, it may have been possible 
to encode some of them and thereby retain 
Some of the sequential information. 

The results of Exp. II were quite similar 
to those of Exp. I, with the exception that 
recall of serial order for the unfamiliar forms 
Presented at the slow rate improved dramati- 
cally with increasing numbers of study-test 
trials, [tis assumed that the additional experi- 
ence with the forms given by testing for recall 
Of serial order after cach trial provided Ss an 
Opportunity to develop and utilize verbal 
memory codes for retaining serial order in- 
formation when the presentation was slow 
enough to allow their occurrence. Perfor- 
mance with the unfamiliar forms presented 
at the fast rate was quite low and similar to 
the performance of Ss in Exp. I with unfamiliar 
forms presented at the fast rate. Indeed, 
terminal performance with rapidly presented 
Unfamiliar forms in Exp. II was not signifi- 
cantly different from the terminal performance 
of Ss given these forms at the fast rate in 
Exp. I. Presumably, the fast rate of presenta- 
tion with unfamiliar forms in Exp. II nullified 
the effects of any verbal codes developed 
during the repeated study-test trials. 

Terminal performance with familiar forms 
Presented at the fast rate in Exp. II was 
superior to that with unfamiliar forms at the 
Same speed, despite the hypothesized avail- 
ined of verbal codes for both types of forms. 
we rihi, the verbal codes of the familiar forms 
infa elic ted more rapidly than those for the 
mr forms, because ! of their greater 
me gt nh. After all, 5s given the familiar 

Ns had extraexperimental experience with 
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forms of the same conceptual class in addition 
to the 25 study-test trials with the experimental 
form 

It is possible that the results of the present 
experiments might be accounted for by some 
other type of explanation. One possibility is 
that the difference in performance between 
familiar and unfamiliar forms in Exp. I is due 
to the greater discriminability of familiar forms 
relative to unfamiliar forms. It must certainly 
be true that the ability to arrange the test 
forms in the correct serial order depends on 
being able to discriminate among them when 
they are presented on study trials. It is also 
probably true that unfamiliar forms are ini- 
tially more confusable than familiar forms. 
If these assumptions are correct, then it would 
be expected that providing additional experi- 
ence with the unfamiliar forms by means of 
repeated study-test trials, as in Exp. II, would 
have the effect of reducing the confusability 
of the unfamiliar forms and thereby enhancing 
recall of serial order. Increasing the speed 
of presentation would be expected to make the 
task of discriminating among forms more 
difficult, especially when the discrimination is 
relatively weak, which would be the case with 
the unfamiliar forms. 

Studies of stimulus predifferentiation have 
tedly demonstrated the importance of 
in learning to discriminate 
among unfamiliar visual forms, even when such 
s are operating covertly (e.g. Ellis, 
1968; Ellis & Homan, 1968; Ranken, 1963). 

e shown that verbal labeling 


Such studies hav 
facilitates discrimination of form stimuli, and 
label forms to be dis- 


that Ss will covertly 
criminated even when not specifically in- 
structed to do so (see Riley, 1962). In any 
case, whether the verbal processes operate to 
enhance discriminability or to facilitate serial 
encoding, or a combination of these effects, 
the results of the present experiments are con- 
sistent with a verbal encoding interpretation. 
Another alternative way of accounting for 
the results of the present experiments might 
be in terms of the operation of imaginal en- 
coding processes. It might be argued that 
imaginal codes may be more easily and more 
rapidly obtained with familiar than with un- 
familiar forms. Increasing the speed of pres- 
entation would simply increase the difficulty 
of obtaining imaginal codes, thus making 
performance with familiar and unfamiliar 
forms more alike. However, such an explana- 
tion begs the question since it has not yet been 
jirically established that familiar and un- 
ar forms differ in the ease or speed with 


repea 
verbal processes 


emp 
famili 
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i Nor do 
pus Mu epe mg re Pe for 
there seem to be any a p & HH 
aking this assumption. In contrast, 
E od with a verbal encoding EXDadaHpni the 
familiar forms in the present experiments w ir 
deliberately selected because of the oar Fe 
consistency with which verbal labels could be 
i them. 
applieg aral encoding explanation of the 
present results may also be supported on the 
basis of its congruence with other research 
findings. Numerous investigators have found 
that visually presented letters and words are 
most likely to be confused in STM when they 
are acoustically similar, thus suggesting a 
verbal encoding of the visually presented 
stimuli (e.g., Baddedly, 1966; Conrad, 1962; 
Gumenik, 1969). Of course, these findings 
may represent a special case of verbal encoding 
because of strong verbal habits established 
with these types of stimuli. However, Glanzer 
and Clark (1963) found a high negative cor- 
relation between serial memory for briefly ex- 
posed binary (black and white figures) se- 
quences and the length of verbal descriptions 
given the sequences by their Ss, 
plained this result in terms of the v 
hypothesis that Ss verbally 
presented displays and then respond (serial 
recall) on the basis of the Stored verbal code. 
Colgate and Eriksen (1970) trained Ss to 
associate either one- or three-syllable words 
to a set of nonsense forms, and then presented 
the set of forms simultaneously in a brief 
tachistoscopic exposure, followed by a test 
probe. Their results indicated that more 
nonsense forms were recalled when the forms 
had previously been associated with one-syl- 
lable words than when they had been associated 
with three-syllable words. Presumably, this 
was because of the greater time required to 
verbally encode the forms when they had been 
associated with the longer words, 

One further explanation of the current results 
might be that the difference in performance 
between familiar and unfamiliar forms reflects 
differences in stimulus meaningfulness, familiar 
forms being higher in meaningfulness than un- 
familiar forms, However, stimulus meaning- 
fulness is usually defined in terms of the extent 
to which stimuli are capable of eliciting verbal 
associations (e.g., Ellis, Muller, & Tosti, 
1966; Glaze, 1928; Noble, 1952; Pfafilin, 
1960) and, indeed, as already mentioned above, 
was the basis for defining familiar forms in the 
present experiments. Hence, this interpreta- 


They ex- 
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tion would be consistent with the verbal en- 
coding account given here. > 
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ATTRIBUTE SELECTION IN CONCEPT IDENTIFICATION? 


DOUGLAS C. CHATFIELD è anp ERWIN J. JANEK 


Texas Tech University 


One hundred and twenty Ss were given two concept-identification tasks. To 
view a particular attribute of an instance, S made an overt button-pres 


ing 


response, It was assumed that the number of attributes selected on each trial 


was a function of the number of hypotheses in S's focus sample. Results re- 
5 selected for observation per trial decreas 


vealed that the number of attribute: 


over the criterion-run trials after the trial of last error. 
six trials wherein Ss received either three errors followed by three 
sses followed by three errors (bogus feedback). Results 
ise in attribute selection over both positions of the 
Is when they were the initial three trial 


comprised of 
or three suc 
ystematic deer 
s trials and over the error tr 


succ 


An increase in attribute selection occurred, however, over the 


resulting in errors. 


Trabasso and Bower (1968) proposed a 
model for concept identification in which S: 
is viewed as testing several hypotheses sim- 
ultaneously in search for the solution. On 
the first trial of a problem and following 
each trial on which an error is made, Ss are 
assumed to randomly select with replace- 
ment a focus sample of attributes from the 
total set of attributes. Locally consistent 
response assignments are attached to the 
selected attributes transforming them into 
hypotheses. The correctness of these hy- 
potheses are then tested on subsequent 
trials, On trials in which S's responses are 
correct, hypotheses in the focus that dic- 
tated that response are retained, whereas 
hypotheses which had dictated an alterna- 
tive response are eliminated from the focus. 
The complete focus sample is given up on 
those trials on which an error was made 
leading to a new sampling of attributes. 

A test of the attribute-sampling assump- 
tions was carried out by requiring Ss to 
make an overt observing response for each 
attribute on each trial, similar to that by 
Rydberg and Arnberg (1969). In using the 
number of attributes selected and observed 
per trial as an indication of the size of the 
focus samples, the following predictions 
^ This research wa supported by funds from Texas 
Tech University. Special thanks are due Debby 
Brotherton for aid in the collection of d 
study. 
€ d Requests for reprints should be 
iu edd, Department of Psychology, 

ersity, Lubbock, Texas 79409. 


ata for this 


sent to Douglas 
Texas Tech 


d 
The second task was 


last three trials 


from the Trabasso and Bower model were 
tested: (a) since Ss condiser several hy- 
potheses concurrently, Ss should attend to 
several attributes per trial; (b) as it is as- 
sumed that incorrect hypotheses are eli- 
minated from the focus sample on success 
trials, the number of attributes selected on 
a particular trial should be inversely related 
to the number of consecutive successes 
since the last error; (c) attribute selection 
should increase following the trial of last 
error (since all Ss are assumed to select a 
new focus sample at that point) and then 
proceed to decrease over the success trials 
contained in the criterion run; (d) attribute 
selection following an error should be inde- 
pendent of any events in previous trials 
as the model assumes errors to be recurrent 


events. 
METHOD 


Subjecis.— The Ss were 120 undergraduate stu- 
dents serving an introductory psychology course re- 
quirement of experimental participation. 

Apparatus and procedure.—Stimuli consisted ofa 
set of verbal descriptions of imaginary trees. The 
six binary attributes of the trees and their values 
e listed on a sheet of transluscent paper and 


wert 
placed on a display board as shown in Fig. 1. The 
display board was moun ted in a small table at which 


S was seated. On each trial, a description of a tree 
was given to S by illumination of the appropriate 
values for each attribute. As an example, Fig. 1 isa 
description of a large, smooth-barked tree with yel- 
low blossoms and green fruit. In order to observe 
the value of a particular attribute, S was required to 
press its corresponding attribute-selection button. 
In the example in Fig. 1, S would have chosen to ob- 


98 DOUGLAS C. CHATFIELD AND ERWIN J. JANEK 


Attributes Attribute Selection 
Buttons 
1) Size of tree -Lorge- Small o 
zo» x 
2) Type of leaf Broad Narrow [0] 
3) Color of blossoms Blue = Yellow - [o] 
i44; 
4) Texture of bark Coorse manh O 
5) Color of trunk White Black O 
T x 
6) Color of fruit Red "Green oO 
Mes 
S308 2 a 3M. AE cy 
- Alpha - Beta -Ready- 
Swat V. a ® 
o o 


Response Buttons 


FiG. 1. 


serve Attributes 1, 3, 4, and 6 and to ignore Attri- 
butes 2 and 5. In ignoring Attributes 2 and S59. 
would not know whether the tree, being described, 
had broad or narrow leaves, or the color of its trunk. 
Each 5 was instructed that he could observe as many 
of the six attributes on each trial as he wished. Fol- 
lowing the attribute selection, S was required to 
classify the tree as an alpha or a beta by pressing the 
appropriate button. This response was immediately 
followed by 5 sec. of informative feedback via illu- 
mination of the correct classification. There was a 
postfeedback interval of 10 sec. before the next trial 
as indicated by the onset of a ready light. 
Design.—Vollowing the instructions in which the 
nature of the concept-identification task was de- 
Scribed, Ss were given a practice problem consisting 
of three binary attributes, For their second task, 


4.0 


er 
o 
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Attribute selection as plotted backwards from the | 


Schematic representation of the stimulus display. 


all 5s were given a attribute problem wherein 
only one attribute was relevant and the other five ir- 
relevant. The problem was termi ed when S 
made eight consecutive correct cl ications, 

A study by Chatfield and Erickson (1970) had 
shown that a normal concept-identification problem 
does not produce enough presolution error and suc- 
runs to adequately test the predictions concern- 
ing attribute selection over these runs. For this rea- 
son, a third task was created wherein error and suc- 
cess runs would be created artifici lly by using bogus 
feedback. In this task, Ss were randomly divided 
into two groups of 60 Ss each with the instructions 


that E would randomly resample one of the six at- 
tributes to be relevant, For the Error-Success group 


the feedback given for the 


the first three trials always 
indicated that Ss’ cl; 


sifications were in error, The 


2 3 4 5 6 7 8 
TRIALS 


ast trial of the 


criterion run. 
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ATTRIBUTE SELECTION IN CONCEPT IDENTIFICATION 


“feedback on Trials 4-6 indicated that these classi- 
fications were correct. For the Success-Error group, 
the type of bogus feedback was in the reverse orders 
L€., the first three trials always resulted in succe s 
with the next three trials being in error. The third 
task ended with the six trials thus described. 


RESULTS 


, The major results of S's attribute-selec- 
üon behavior during the second problem 
may be found in Fig. 2. In this figure, all of 
Ss’ protocols were aligned at the trial of 
last error. 1t may be noted that Ss ob- 
Served an average of three to four attri- 
butes on trials prior to their last error and 
subsequent solution. On the trial immedi- 
ately following the last error, Ss decreased 
their selection of attributes slightly in con- 
trast to prediction (c above), that there 
should be an increase. Attribute selection 
did continue to decrease over the remainder 
of the criterion run, however, a finding con- 
Sonate with prediction (5 above), since S 
should be eliminating hypotheses over a run 
of success trials. 

The attribute-selection data on the third 
problem may be logically divided into three 
Sections with respect to the treatment con- 
ditions imposed on the two groups of Ss. 
There were no treatment differences at the 
time Ss selected attributes on the first trial 


4.5 
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as they had not yet received any feedback. 
Attribute selection on Trials 2, 3, and 4 
should be a function of error (Error-Suc- 
cess group) or success (Success-Error group) 
feedback on the immediately preceding 
trials. Finally, attribute selection on Trials 
5 and 6 should be influenced by the switch 
in feedback. 

The results for the first six trials of the 
third problem may be found in Fig. 3. As 
can be seen, the number of attributes 
selected in both groups decreased signi- 
ficantly over the first four trials, F (3, 354) 
= 14.31, p < .001. The Groups X Trials 
interaction was not significant, F (3, 354) 
= 1.64, p < .10, but since the decrease in 
attribute selection over trials for the Error- 
Success group had theoretical importance, 
it was analyzed separately and was found to 
be significant, F (3, 177) = 3.54, p < .05. 
The two groups did not differ significantly 
in terms of the overall mean number of at- 
tributes selected during the first four trials, 
F (1, 118) < 1. 

Trials 4, 5, and 6 were analyzed separ- 
ately as a 2 X 3 factorial design. Trial 
4 was included in this analysis, as it was 
the change in attribute selection resulting 
from the new feedback that was of interest. 
Neither main effect was significant at the 
.05 level but the Groups X Trials inter- 


O--—-O Error- success group 


O———O  Success-error group 


3 
TRIALS 


c six trials of the third problem. 
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TABLE 1 
CHI-SQUARE VALUES REFLECTING LOGICAL RE TION AND DELETION OF ATTRIBUTES 
ROM Focus As a RESULT OF FEEDBACK CONDITIONS 
| Error-success group | Success-error group 
Item | 
3and 4 š | 6 | 3and 4 5 | 6 

wate ixe |. Success Success Mixed Error 
Feedback Error Mixed Success cci 1 
Ghisqde value 6.89* -19 7.10* 9:51* 3.36 .03 


Note.— Trial number is indicated by the column heads 3 and 4, 5 and 6, 


*»«.01. 


action was; F (2, 236) = 14.51, p < .001. 
As can be seen, the Success-Error group in- 
creased attribute selection on Trials 3 and 
6 while the Error-Success group decreased 
its selection. 

The finding that attribute selection de- 
creased over the intial run of errors but in- 
creased over the latter run of errors was un- 
expected. For this reason it was decided to 
analyze the data in terms of the specific at- 
tributes which were being deleted and re- 
tained. The Trabasso and Bower theory 
would predict that an attribute would not 
be sampled following a trial on which it was 
disconfirmed. More specifically, if an at- 
tribute was observed to change values over 
Trials z — 2 and n— 1 while the feed- 
back remained constant (or vise versa), the 
attribute should logically be disconfirmed 
and thus should not be sampled on Trial n. 
For this reason, on each Trial z, attributes 
were classified in two ways: (a) whether or 
not they were disconfirmed in the two pre- 
ceding Trials n — 2 and n — 1 (given that 
they had been observed by S), and (b) 
Whether or not they were selected on Trial 
n. The resulting frequencies were put into 
a2x2 contingency table, 

As two trials were needed to disconfirm 
an attribute, only the data from Trials 3-6 
could be analyzed. These four trials fall 
into three feedback conditions. Attribute 
selection on Trials 3 and 4 would be de- 
pendent on feedback conditions on Trials 
1 and 2, and Trials 2 and 3, respectively. 
These first three trials resulted in error feed- 
back for the Error-Success group and suc- 
cess feedback for the Success-Error group. 
Attribute selection on Trial 5 was depend- 
ent on the feedback from Trials 3 and 4, 
which of course was mixed for both groups. 


Trial 6 was dependent on the feedback * 
from Trials 4 and 5, which for each group 
was the opposite of what they had on Trials 
1-3. The resulting chi-square values are 
given in Table 1. As can be seen, Ss tended 
to drop disconfirmed attributes and retain 
those confirmed, as indicated by the magni- 
tude of the chi-square value on trials pre- 
ceeded by correct feedback. Sampling on 
Trial 5, preceded by mixed feedback, was 
relatively unsystematic. Though efficient 
sampling was found on trials preceded by 
error feedback early in the problem, it was 
not found later in the problem as shown by 
the Success-Error group on Trial 6. 


Discusston 


Portions of the data upheld the predictions 
made at the outset and thus supported the 
model by Trabasso and Bower (1968). There 
were three places where reduction of the num- 
ber of attributes selected over a series of suc- 
cesses was shown. The first was during the 
criterion run of the second problem. The sec- 
ond was evident in Trials 2, 3, and 4 for the 
Success-Error group in the third problem. The 
third place was in Trials 5 and 6 for the Error- 
Success group, also in the third problem. This 
reduction indicates that Ss were eliminating 
hypotheses from the focus sample during those 
trials. Additional evidence comes from the 
high chi-square values shown in Table 1, in- 
dicating systematic deletion of attributes over 
success trials. If it is assumed that response 
latencies are a function of the number of at- 
tributes selected, then the present findings are 
In accordance with the latency data presented 
by Erickson, Zajkowski, and Ehmann (1966) ; 
Erickson and Zajkowski (1967) and Levine 
(1969). 

The attribute-selection 


behavior following 
errors was not in 


agreement with the prediction 
that Ss always resample after errors, Attri- 
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-bute selection did increase for the Success- 
Error group on Trials 5 and 6, indicating that 
‘Ss were resampling after their initial series of 
Successes as predicted, but a reduction in at- 
tributes selected occurred during the first four 
trials for the Error-Suce group. This would 
imply that Ss were eliminating hypotheses 
during those initial error trials. Furthermore, 
the significant chi-square value for Trials 3 and 
4, given error feedback, show that Ss were not 
just randomly dropping attributes from their 
focus sample. Why attribute selection de- 
creases systematically over an initial series of 
errors, but increases over errors which had been 
preceeded by successes, poses a theoretical 
problem for Trabasso and Bower (1968). 

A possible explanation for these findings 
comes from Levine (1971). In describing his 
theory of insoluble problems, he proposed that 
When S has exhausted all possible hypotheses, 
he may either review the set of possible hy- 
potheses again, or begin sampling new hypo- 
theses which are not possible solutions as de- 
fined by the experimental instructions. The 
result of either strategy on the part of S would 
be an increase in attribute selection. This ex- 
planation would be applicable to the present 
study in that it was possible for Ss to eliminate 
most all of the possible hypotheses they could 
have had in their original focus sample by the 
third or fourth trial. Thus, when told in the 
latter trials that they were in error, Ss had no 
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choice but to resample. When the errors came 
in the first few trials, Ss had not yet exhausted 
all the hypotheses in their focus samples and 
could continue their examination of those 


remaining. 
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AN ONTOGENETIC ANALYSIS OF OPTIONAL INTRADIMENSIONAL 
AND EXTRADIMENSIONAL SHIFTS! 


HOWARD H. KENDLER,? TRACY 


5. KENDLER, AND JAMES W. WARD 


University of California, Santa Barbara 


The tendency to choose an optional 


intradimensional (ID) and extradimen- 


sional (ED) shift was investigated at five developmental levels: preschool, 


kindergarten, second grade, sixth gi 


significantly increasing trend to select 


creasing trend to choose an ED shift 
to ED 5s exhibited higher IQ's and 
criminations more rapidly. 
ID-ED study and a previous option 
the ontogenetic changes are similar. 


rade, and college. Over this range, a 
an ID shift and a significantly de- 
were observed. ID Ss when compared 


learned both the initial and shift dis- 


A comparison between the present optional 


al reversal-ED experiment revealed that 
The results are interpreted to be con- 


sistent with the coordinated single-unit and mediational S-R formulation. 


According to the developmental media- 
tional theory (Kendler, 1971; Kendler & 
Kendler, 1962, 1968), ontogenetic changes 
in reversal (R) and extradimensional (ED) 
shift behavior reflect a transition from a 
single-unit mechanism in Which responses 
are under direct control of external stimula- 
tion to a mediational mechanism in which 
behavior is controlled by self-generated 
Symbolic cues that represent conceptual 
categories. Evidence in favor of this 
formulation comes from developmental 
studies that show that with age the relative 
ease of executing an R shift in comparison 
to an ED shift increases (Tighe & Tighe, 
1967) and that the choice of an optional R 
increases in comparison to an optional ED 
shift (Kendler & Kendler, 1970; Kendler, 
Kendler, & Learnard, 1962). 

Although Campione (1970) does not 
question the developmental data just 
cited, he suggests that other evidence denies 
the necessity of postulating two modes of 
behavior. First, Campione cites the incon- 
sistency in experimental results concerning 
the relative ease with which preschoolers 
; ! This ,Tesearch was supported 
Science Foundation Grant GB 19323, 
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execute an R or an ED shift as being at 
odds with Kendlers' formulation, Whereas 
Kendler, Kendler, and Wells (1960) find 
that preschoolers solve ED more easily 
than R shifts, other researchers (Dickerson, 
1966; Mumbauer & Odom, 1967) report 
the opposite finding. But evidence about 
a single-age level, by itself, is irrelevant to 
the proposition that R shifts, with increas- 
ing age, tend to become relatively easier 
than ED shifts. Because variables other 
than age influence discrimination-shift be- 
havior (e.g., Kendler, Kendler, & Sanders, 
1967), one cannot assume that at a specific 
age level, such as 4or 5 yr, an ED shift 
should always be executed more rapidly 
than an R shift. Developmental changes, 
not behavior at a fixed age level, are the 
Significant data for the developmental 
mediational theory, 

Second, Campione (1970) suggests that 
the comparison between intradimensional 
(ID) and ED shifts is as, if not more, 
important than the R-ED comparison in 
evaluating theories of discrimination-shift 
behavior. Thus he cites as inconsistent 
with the Kendlers' two-process theory 
the findings from Several independent ex- 
periments that ID shifts are easier to 

execute than ED shifts for rats (Shepp & 

Eimas, 1964), preschool children (Dicker- 

son, 1966; Mumbauer & Odom, 1967), and 

adults (Kurtz, 1955). In order to deter- 

ID yer ED ed edit 

» r all ages and species 
extends to an optional-shift design, Cam- 
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pione compared the behavior of preschool 

with second-grade children in choosing 
either an optional ID or ED shift. He 
found no significant difference; approxi- 
mately 65% of each group selected an ID 
shift. The conclusion drawn was that the 
data are "inconsistent with the notion 
that there exists an ontogeny of shift 
behavior [Campione, 1970, p. 2991." 

In responding to the second point, the 
position can be maintained that the ID-ED 
comparison is not intrinsically superior to 
the R-ED comparison in reflecting onto- 
genetic changes. Each comparison, ID-ED 


and R-ED, emerges from a different 
theoretical position and thus requires 
different experimental controls. The ID- 


ED serves the needs of the mediational 
attention theory (Zeaman & House, 1963) 
because it reflects the operation of preshift 
attending responses presumably uninflu- 
enced by previously learned choice 
responses. In contrast, the R-ED compar- 
ison, in which the discriminanda remain 
unchanged from preshift to postshift train- 
ing, possess two advantages over the 
ID-ED paradigm for the Kendlers' dual- 
stage theory. First, complex stimulus gen- 
eralization effects inherent in the ID-ED 
design and which cannot be simply con- 
trolled by counterbalancing, are avoided. 
Second, the persistence of preshift mediated 
representational responses to postshift train- 
ing cannot be impeded by the sudden occur- 
rence of novel discriminanda as is the case 
in the ID-ED comparison. 

In the last analysis, however, an adequate 
explanation of the ontogeny of discrimina- 
tion-shift behavior must account for results 


from both experimental paradigms. In 
spite of Campione's (1970) results, reserva- 
tions can still be expressed about his 


conclusion that developmental changes in 


optional ID-ED choices do not occur. In 
addition to the logical problem of proving 
the null hypothesis is the more serious 
empirical problem of demonstrating à 
developmental relationship based on only 
two points. To evaluate the last criticism, 
the present experiment was designed to 
discover whether a sampling of five age 
Sroups, ranging from 43 to 20 yr. would 


fail to reveal any developmental changes in 
optional ID and ED choices. 


METHOD 


Subjects. —A total of 163 Ss were used divided 
among five age levels that approximated a geometric 
progression: mean chronological ages (CA's) of 
54.4, 70.7, 94.0, 139.9, and 229.7 mo. These age 
points were selected to duplicate those used in 
other developmental studies that employed the 
optional-shift paradigm (Campione, 1970; Kendler 
& Kendler, 1970). The lowest age group, the 
preschool children, were from a private nursery 
school in an upper-middle-class community, Monte- 
cito, California. The next three age levels, kinder- 
gartners, second, and sixth graders, were drawn from 
a public elementary school in a middle-class neigh- 
borhood in Goleta, California. The oldest group 
were college students from an introductory psy- 
chology course at University of California, Santa 
Barbara, who served to meet course requirements. 
Three Ss were eliminated from the kindergarten 
nce prevented completion of 
were randomly 


the experimental 
eliminated from the 
inadvertently ran 2 Ss from the same cell. 
Experimental design.—The optional-shift pro- 
cedure (Kendler & Kendler, 1970), adapted to a 
comparison between ID and ED shifts (Campione, 
1970), was used. Table 1 illustrates the procedure. 
In the initial discrimination, S is confronted with a 
two-choice discrimination between two pairs of 
stimulus compounds that vary on two dimensions, 
form and color, with one (e.g., form) relevant and 
the other (e.g., color) irrelevant. After reaching 
criterion, S enters the second phase, the shift 
discrimination, where he learns to discriminate 
between a new pair of stimulus compounds that vary 
on the same two dimensions but with new values 
Both dimensions are now relevant and 
After learning to select the correct 
shifted immediately to 
ned to discover j^ 
n 


for cach. 
redundant. 
compound consistently, S 
the test series which is d 
what basis the shift discrimination was solved. 
the test pair of the third phase, the previously 
redundant and correct cues, for example, blue and 
square in Fig. 1, are re-paired and the consistent 
choice of square indicates an ID choice because the 
relevant dimension in the initial discrimination was 
form. The consistent choice of the blue indicates 
an ED choice. Interspersed between the presenta- 
tion of the test pair are trials with the relearning 
pair that continue to be reinforced as in the shift 
discrimination. 

Two sets of stimulus compounds were used that 


color and form: one with color values of 
angle, 


varied in 
red and green and form values of circle and tri 
and the other with color values of blue and yellow 
and form values of square and cross. Each S 
learned the initial discrimination with one set and 
the subsequent shift discrimination and test series 
with the other. A completely counterbalanced 
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replication required 32 cight possible _(four 
colors and four forms) positive values in the initial 
discrimination and four possible positive stimulus 
compounds during the shift discrimination. Within 
each age level, each S was assigned randomly to 1 
of the 32 conditions. The total design was analyzed 
as a 5 X 2 factorial; 5 age levels and 2 relevant 
dimensions. 

A pparatus.—The apparatus, described in detail 
elsewhere (Kendler & Kendler, 1970), hada display 
unit containing two windows through which the 
stimulus compounds were pre: ented, a start plat- 
form, and a well in which marbl s could be dispensed. 

e S initiated all trials while onse choices were 
recorded automatically, thus minim g direct E-. 
interactions after the initial instructions. 

Procedure.—The Peabody Picture Vocabulary 
Test Form A (Dunn, 1959) was first administered 
to all Ss except the college students, and then the 
following instructions were communicated : 


In this game you try to win as many marbles 
as you can. This is how we play. Do you see 
these two windows? LE points to the two 
stimulus display windows]. When we are ready 
they will light up and you will see a design in 
each window, If you push one of the windows 
lightly [E demonstrates], à marble will come 
out here [E points to marble well]. Which 
window you press depends on the design. At 
first you have to guess which design to press but 
after the first guesses you should learn which 
design will get a marble every time. Sometimes 
the design you must press to get a marble will 
be in this window CE points to the left window]. 
And sometimes it Will be in this one CE points to 
the right window]. When this platform lights 
up, push it [E demonstrates] and then use the 
same hand to choose this one or this one [E 
points to windows], 


The preschoolers were assisted through the motion 
of pushing first the start Platform, then one window. 
On all trials, S discriminated between two stimulus 
compounds that differed both in color and form. 
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An illustration of the optional ID-ED paradigm. 


Each discriminandum appeared equally often in 
every block of 12 trials. The number of possible 
correct successive responses to one position (left or 
right) did not exceed three. A modified correction 
procedure was used so that a discriminandum to 
which an incorrect response was made was repeated 
on the next trial. 

The criterion of learning was 10 successive correct 
responses. On the initial discrimination, S was 
run to criterion or until the first error after 100 trials, 
in which case training was terminated and continued 
on the next day that S was available, Interruptions 
of this sort occurred only during the initial dis- 
crimination. Immediately after the criterion was 
achieved on the initial d scrimination, the shift 
crimination began. Criterion was again 10 succes- 
sive correct choices and was followed immediately 
by the test seri *. During the test series either 
choice on the test pair was rewarded, while responses 
to the relearning pair were rewarded as in the shift 
discrimination, The S was presented with 10 test 
trials with relearning trials interspersed, the number 
of which varied from 8 to 12 depending on what 
part of the program the test series began. If .S made 
ID choices on 8 or more of the 10 test trials, he was 
classified as an ID S. An ED S made 8 or more 
ED choices, while failure to make 8 or more con- 


sistent responses produced an inconsistent classifi- 
cation, TS, 


RESULTS AND Discussiox 


The CA and IQ scores, at each develop- 
mental level, are presented in Table 1. 
A 4X2 (Developmental Levels X Rel- 
evant Dimensions) analysis of variance of 
IO scores revealed no significant differences 
between ages (F < 1), relevant dimensions 
(F < 1), or the interaction between them 
(F < 1). One-way analyses of variance 
performed at each age level on CA and IQ 
scores failed to yield any significant 
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OPTIONAL ID AND ED SHIFTS AT DIFFERENT AGES 


TABLE 1 


SD INTELLIGENCE QUOTIENT 
EVELOPMENTAL GROUP 


M | SD | Range 


K ndergarten oa S. RETI 
Second gra > .3 | 89-127 
Sixth grade ILI ges [3-132 
College 5 109:9 13.7 90-143 


differences between color and form groups, 
thus indicating that within each age level 
penc procedure was successful 

juating IQ and CA for the color and 
form groups. 

‘Table 2 presents the mean number of 
trials to reach the criterion on the initial 
discrimination for each of the two relevant 
dimensions at each age level. The raw 
Scores were subjected to a square-root 
transformation to correct for unequal 
variances and then submitted to a 5x2 
analysis of variance. Significant differences 
were obtained between ages, F (4, 150) 
= 37.21, p < .01; between dimensions, F 
(1, 150) = 16.03, p < .01; and from the 
Age X Dimension interaction, F (4, 150) 
= 2.89, p < .05; the last effect resulting 
from the decreasing difference between 
color and form scores as age increases. 
The age component was subjected to a 
trend test which produced both significant 
linear and quadratic components : F (1, 150) 
= 134.19, p < .01, and F (1, 150) = 13.07, 
p < .01, respectively, thus indicating both 
the monotonicity and exponential character 


of the function. 


TABLE 2 


TRIALS TO CRITERION IN THE INITIAL DISCRIMINA- 


TABLE 3 
TRIALS TO CRITERION IN THE SHIFT DISCRIMINATION 
AS A FUNCTION OF AG x ST DIMEN- 
ISON IN [NITIA 


Color relevant Form relevant 


Group : 

M | SD M sD 

Preschool 6.5 6.5 7.9 7.0 
Kindergarten 3.6 4.6 3.9 6.4 
Second grade | 1.8 2:9 13 14 
Sixth grade 6 5 9 E} 
College .9 Eri A ES 


Table 3 reports the mean number of 
trials to reach the criterion on the shift 
discrimination for each relevant dimension 
at each age level. An analysis of vari- 
ance of the square-root transformed scores 
yielded only one significant difference, the 
age variable, F (4, 150) = 8.12, p € : 019 
The age component was subjected to trend 
tests and again both linear and quadratic 
components proved significant, F (1, 150) 
= 26.84, p < .01, and F (1, 150) = 5.50, 
p < .05, respectively. 

Table 4 reports the proportion of Ss at 
each age group, for each relevant dimension, 
who responded in an ID, ED, or I manner 
while Fig. 2 graphically represents the 
combined results. These data were sub- 
jected to the L test for linear ranks (Page, 
1963) with color and form dimension 
serving as replications. A significant 
increasing trend of ID Ss (L = 109, p< 
.001) and significant decreasing trends for 
ED Ss (L= 105.0, p< .05) and I-Ss 
(L = 105.5, p < .05) were found. 

Table 3 reports the learning scores of the 
ID, ED, and I Ss for the initial and shift 


TABLE 4 
OF INTRADIMENSIONAL, EXTRADIMEN- 
SUBJECTS AS A FUN- 
ANT DIMENSION IN 


PROPORTION 
SIONAL, AND INCONSISTE 
TION OF AGE AND RE 


TION As A FUNCTION or AGE AND RELEVANT : 
iens du coi ens bu BEDEYAS INITIAL LEARNING 
Color relevant | Form relevant Color relevant Form relevant 
Group Group y 
M sD M | sD 1D | | 1 | m |22 
Preschool 184.6 | 112.9 | 98.6 | 98.9 Preschool .25| 38 | -38 | -69 d d 
Kindergarten 71.6 48.8 39.6 40.7 Kindergarten | -50| .31 19 | HAE AE. 
Second grada | 280 | 254 | dee | B7 Tocond grade | .81| 19 | .00 | .88 | -13 | 3o 
Coh grade 190 | 222 | 104 | 152 Sixth grade | 1:00 | “00 | “00 | En “06 | 00 
ollege 5.7 5.0 | 76 | 93 College 00,200 | .00 | 94 |- 


Se 
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1.00, also resulted in a significant age effect, 
F (1, 60) = 6.21, b «.05. Thus those | E 
comparisons between preschool and second + 
grade which failed to produce significant 
differences in Campione's study were found 
to be significant in the present study. 
However, neither of the individual compar- 
isons between the same age groups from « 
the two studies Proved to be significant 
below the .05 level. In Campione's 
study, 63%, of the preschool Ss and 65% 
of second graders responded in an ID 
manner, while 45% and 84% Ss in this 
study behaved similarly. 


75 


SUBJECTS 


50 


.25 


PROPORTION OF 


One possible reason for the discrepancy 
544 70.7 940 139.9 229.7 has * » ~ 
between the two studies is the difference : 
MEAN CA IN MONTHS in procedure used during the initial dis- A 


crimination phase. Whereas in the present 
study all Ss received the conventional 
discrimination training procedure, a special 
discriminations. For both training tasks, technique. was used for slow learners. Mt 
the ID Ss learned more rapidly than did Campione's. (1970) study. On the first 
the ED Ss for all fire age groups, the chance €or following the twentieth trial, S was 
probability of either occurrence being less shown all four stimuli, with the pair of 
than .05. The performance of the I Ss Positive stimuli separated from the pair 
during the initial discrimination was not Of negative stimuli, and was told which 
significantly different from the ID or ED 9f the two pairs of stimuli yielded PAID 
Ss. The ID Se, however, learned the shift forcement (a marble) and which pair did 
discrimination more rapidly than did the 1 not. „The slow learners who received special 
Ss both at the preschool and kindergarten training in Campione's study exhibited the 
levels; £ (21) = 1.98, p < 05, and ¢ (23) = Same percentage of ID Ss as did the fast 
3.27, p < .01, respectively, The differences learners. In the present study, in the 
between ED and I Ss at these two levels @bsence of any special training techniques, 
Were not significant. the slow learners at the preschool level, 

The mean IQs of the ID Ss at each age as defined by the criterion Campione used, 
level from preschool to sixth grade (114, made significantly fewer ID shifts than did 
109, 112, 110) exceeded those of the ED Ss the fast learners; 31% compared to 83%, 
113, 107, 105, 101) at each age level and A similar difference did not occur among 
was also higher than the I Ss (110, 103) at 


Fic, 2. Proportion of ID, ED, and I Ss 
as a function of age. 


the two age levels, preschool and kinder- TABLE 5 
garten, at Which they were represented. iA RION IN THE 
The mean IQ of all ID Ss (111.1) was NITIAL DISCRIMINATION AND THE Smp Dis- 


ADIMENSIONAL, EXTRA- 


Significantly different than the mean IQ of AND INCONSISTENT SUBJECTS 


ED Ss (107.5), 4 (113) = 2.56, p < 01 
: Present results and Initial discrim- Shift discrim- 
those of Campione (1970). —A chi-square ination ination 


analysis of Preschool and second-grade 
Ss classified as ID, ED E 


: E ED] I 
E » and I in this ex- e : Ss | Ss 
periment produced a Significant difference, i “Ta | a 
2 = à g rte " ua r 
x (2) 12.5, p< -01. An analysis of Second rade to a | e^ 
variance of the Number of ID choices Col grade 4 "e 
during the test series for tl ENS s 
e RE M 


Nese two groups) —— . — | 
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the second graders. Perhaps Campione's 
special training technique elevated the 
percentage of ID Ss among his preschoolers. 
Consistent with this possibility is the recent 
finding that displaying the discriminanda 
simultaneously facilitates reversal learning 
in kindergartners presumably because it 
encourages conceptual classification (IKend- 
ler & Ward, 1971). The elevation of the 
percentage of ID .Ss among preschoolers 
combined with a chance-determined low 
percentage of ID Ss among 20 second 
graders may account for Campione's failure 
to find a significant difference between his 
two age groups. 

Comparison between optional ID and R 
shifts.—In both the present and previous 
study (IXendler & Kendler, 1970) the same 
number of Ss and age groups (32 in each 
of five age groups), apparatus, procedure, 
and stimulus compounds from the same 
dimensions were used. 

Of major importance is the effect of the 
two paradigms on the type of shift chosen 
by Ss during the test trials. In an analysis 
of variance of the number of ID or R 
choices, the only significant result was 
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AGE GROUPS 
Fic. 3. Comparison of optional choices between 
the ID-ED, R-ED studies. (The top panel 


illustrates the proportion of ID or R choices in the 
two studies, while the middle and lowest panels 
Show the proportion of ED and I choices, respec 
tively.) 


produced by age, F (4, 310) = 7.97, 
p < .01; the difference between the studies 
was nonsignificant, F < 1. Figure 3 shows 
the proportion of Ss in each study that chose 
the various kinds of optional shifts. Con- 
sistent with the apparent similarity of the 
graphical results are the nonsignificant 
results of the chi-square analyses of the 
differences between the frequencies of ID 
and R, ED, and I choices in the two studies. 

The two studies also did not vary in the 
performance during the initial discrimina- 
tion. An analysis of variance of the square- 
root transformation of the number of 
trials to reach the criterion of learning in 
the initial discrimination yielded a signif- 
icant age effect, as expected, F (4,310) = 
52.98, p < .01, but no difference between 
the two studies, F < 1. The same analysis 
performed on the results of the shift 
discrimination, however, produced both a 
significant age effect, F (4, 310) = 45.5, 
p < .01, and a significant difference between 
studies, F (1, 310) = 222.3, p < .01. The 
interaction was also significant, F (4, 310) 
= 7.9, p < .01, resulting from a decreasing 
difference between studies as age increases. 
At all age levels, the shift discrimination 
was learned more slowly in the R-ED 
procedure than in the ID-ED paradigm ; 
the differences for the lowest four age levels 
being significant beyond the .01 level, 
while the difference for the college Ss was 
significant beyond the .08 level. One 
reason for these differences is that in the 
R-ED procedure the stimulus compounds 
are unchanged when the reinforcement 
contingencies are switched from the initial 
to the shift discrimination thus producing 
perseverative errors. In contrast, the 
stimulus compounds in the ID-ED pro- 
cedure are changed to new dimensional 
values and as a result half of the Ss by 
chance should make a correct response 
on the first trial of the shift discrimination. 

The greater probability of making an 
error on the first trial of the shift discrimina- 
tion by the R-ED Ss, or their tendency 
to perseverate in making the error, cannot, 
however, explain entirely the slower learn- 
ing by these Ss when compared to the 
ID-ED Ss. When the performances of the 
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two groups are compared in the learning 
of the shift discrimination from the point 
of making the first correct response, the 
analysis of variance of transformed scores 
results in a significant study effect, F (1, 
310) = 75.35, p < -01, age effect, F (4, 310) 
= 32.80, p < .01, and interaction effect, 
F (4, 310) = 5.85, p < .05. At each age 
level, except the college Ss, the R-ED Ss 
made significantly more errors, p < .01. 


CONCLUSION 


The present results offer strong support to 
the notion that ontogenetic changes occur in 
the tendency for humans to prefer an ID 
over an ED choice in an optional discrimina- 
tion-shift paradigm. This empirical generaliza- 
tion applies to the wide age range between 
44 and 21 yr. as well as to the narrow span 
between 4$ and 8 yr., the two points between 
which Champione (1970) failed to observe any 
change. In addition, the results suggest that 
the ID-ED ontogeny is similar to the R-ED 
ontogeny (Kendler & Kendler, 1970). 

If one assumes that ID choices reflect the 
operation of a mediational response, then 
the present data support the conclusion that 
mediation increases with age. Such a conclu- 
sion is at odds with Campione's (1970) assump- 
tion that the probability of a child's learning 
a mediational response remains constant over 
the age range he tested, and by implication, 
over the more extended span used in this study. 
Campione, it should be noted, conceives 
of mediation as a "response of attending to 
some dimension of the discriminanda.” [n 
contrast the Kendlers postulate the media- 
tional mechanism to be conceptual, not percep- 
tual; the ontogenetic changes observed in the 
present experiment, as was the case for the 
similar relationship found with R-ED shifts, 
reflect the transition from a single-unit con- 
tinuity mechanism (Kendler, Basden, & 
Bruckner, 1970; Spence, 1936) to a mediational 
mechanism with Which S's capacity to classify 
and represent related stir 


sen nuli is increased. 
A mediational Interpretation that empha- 


sizes encoding Processes gains support from 
the results of a developmental study in which 
pictures of conceptual instances (e.g., apple, 
banana; shirt, pants) Were substituted for 
two-dimensional geometrica] patterns (Kend- 
ler, Kendler, & Marken, 1969). In spite of 
the fact that these stimuli failed to provide 
S with an opportunity to attend to any par- 
ticular dimension or Segment of the discrimi- 


nanda, a developmental change in the case of 
executing a reversal shift was obtained com- 
parable to those exhibited in optional R-ED 
studies that used two-dimensional geometrical 
patterns (Kendler & Kendler, 1970; Kendler 
et al., 1962) and to the optional ID-ED 
ontogenetic relationship obtained in the present 
study. 

The present results suggest that the intro- 
duction of the new discrimininanda, which 
distinguishes the ID-ED procedure from the 

-ED comparison, does not seem to have 
much influence on the ontogeny of optional- 
shift behavior if ID and R choices are con- 
sidered to be functionally equivalent. 

Although the R-ED and ID-ED procedures 
produce similar results on the test trials, the 
former generates considerably slower learning 
during the shift discrimination even when the 
number of errors during the shift discrimination 
is limited to those made after the first correct 
response. The conclusion is that the R-ED 
procedure produces more negative transfer 
effects from the initial to the shift discrimina- 
tion and that these effects are distributed 
throughout the entire shift-discrimination 
trials. This finding is not surprising consider- 
ing the fact that the shift-discrimination task 
requires Ss in the R-ED procedure, unlike 
those in the ID-ED paradigm, to respond to a 
pair of stimuli in a manner opposite to that 
which was previously required during the 
initial discrimination. 

The negative transfer effects from the initial 
discrimination to the shift discrimination are 
not distributed equally among the three choice 
groups in either of the two experimental 
paradigms. The R and ID Ss exhibit fewer 
errors than the ED and I Ss because the former 
transfer their common mediational representa- 
tional response from the initial to the shift 
discrimination. Thus, the pattern of errors 
during the shift discrimination as well as 
developmental changes in optional choice 
responses in both the R-ED and ID-ED 
paradigms, are consistent with the coordinated 
single-unit and mediational theory (Kendler 
& Kendler, 1970) 
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ANSFER OF IMPLICIT ASSOCIATIVE RESPONSES BETW zE € 

E UU 5 LEARNING AND VERBAL DISCRIMINATION ^N 
LEARNING TASKS! 


LAWRENCE E, COLE? N. JACK KANAK 


Arkansas Polytechnic College University of Oklahoma 


The present investigation examined the transfer of implicit GssotidEie te: 
sponses (IARs) from a free-recall task to either wrong (W) or right (R) ets 
in a verbal discrimination (VD) t In the absence of instructions about the 
relationship between the two tas s, the transfer of IARs to the R items inter- 
fered with VD learning, whereas the associative relationship with the W items 
had no influence upon learning. Informing S about the relationship between 
the R or W items of the VD task and the items of the frec-recall task facilitated 
learning in both conditions. It was postulated that Ss n the instructed R and 
W conditions adopted "approach" and ‘ ‘avoidance strategies, respectively, 
to the related items. 


The present study examined predictions new W items. Frequency theory implies 
from the frequency theory (Ekstrand, that performance in the W;-R;, We-R, 
Wallace, & Underwood, 1966) of verbal paradigm is mediated by the transfer of 
discrimination (VD) learning concerning JARs between the associatively related R 
the transfer of implicit associative responses items, with a resultant increase in the dif- 
(IARs) from a Íree-recall learning task to ferential frequency cue, and is therefore 
a subsequent VD task. Implicit associa- dependent upon the application of Rule 1 
tive responses refer to cognitive activity or selection of the more frequent item. In 
elicited by highly meaningful verbal units. the W;-R;, W;-R, paradigm, the W items 
Or example, the Presentation of the word in List 2 are the associates of List 1 W | 
MAN is assumed to elicit WOMAN asan IAR items and are paired with new R items. | 
and vice versa. These responses are as- Under these conditions, Rule 2 or selection 
sumed by the frequency theory to add of the least frequent item is initially ap- | 
frequency units to the respective items plicable during practice on List 2. With a | 
and therefore are expected to enter into continuation of practice on the W;'-R, list, 
determination of the differential frequency Rule 2 should loose its functional signifi- 
cue governing the difficulty of VD learning. cance since R items accumulate frequency 
However, support for the “transfer” of units more rapidly than do W items. Thus 
TARs in single-list VD learning is equivocal Performance should eventually be depen- 
(Eberlein & Raskin, 1968; Fulkerson & dent upon application of Rule 1. Perfor- 4 
Kausler, 1969; Kanak, Cole, & Thornton, mance on both paradigms is characteristi- 

1970). cally compared to a nonspecific transfer 

The investigation of IARs has also been control condition which does not include 
extended to a VD transfer task in which associative relationships between the words t 
the IARs have been manipulated between in the two lists (ie, the WrR,, Wo-R» f 
the wrong (W) or right (R) items of the paradigm), The frequency theory, how- 
two lists. In the Wi-R,, WR,’ paradigm, ever, has not received unequivocal support 
for example, List 2 R items are associates Í^ Studies of VD transfer paradigms. 


4 E ó xausle b T [s ati | 
of the List 1 R items and are paissd with Kausler and Dean (1967) found that in 
the absence of instructions regarding the 
"The authors wish to acknowledge the as stance associative relationship between the two 
of Charles Sikes, w ho collected the data. lists the positive effect attributed to Rule 2 
* Requests for reprints should be Sent to Lawrence 


e a pat Hl e i — 7 P 
E. Cole, Department of Behavioral Srienans. lor the W, Ry list was demonstrated only 
Arkansas Polytechnic College, 


Russellville, Arkansas On Trial 1. On the Subsequent trials perfor- 
72801. mance was inferior to the control. Applica- 
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tion of Rule 1 likewise failed to show a 


"pronounced positive effect on the WaR’ 


list which did not differ significantly from 
the control list. Two other studies (Kanak 
& Dean, 1969; Raskin, Boice, Rubel, & 
Clark, 1968), which also required Ss to 
Practice without instructions concerning 
the list relationships, have reported similar 
findings. Half of the Ss in the Raskin 
ct al. study were informed about the rela- 
tionship between the lists, and, as predicted 
by frequency theory, performance on the 
WaR,’ list was superior to the Wi-Re 
list. Performance on the W;'-R. list was 
inferior to the control list on all trials, thus 
Providing evidence for mediated associa- 
tive interference. Consequently, these au- 
thors noted the importance of instructions 
in producing IAR activity in transfer tasks. 

lhe studies cited above imply that the 
positive increment to the differential fre- 
quency cue deriving from the exchange of 
IARs among associatively related items in 
a VD transfer task is substantially miti- 
gated by incidental associative competition 
mechanisms when Ss are uninformed about 
the interlist relationship between W or R 
items. The present study attempted to 
enhance IAR activation by replacing the 
first VD list with a free-recall learning 
task which contained associates of subse- 
quent VD-list W or R items. The free- 
recall learning procedure ensures the prim- 
ing of implicit associative response mecha- 
nisms but avoids the development of intra- 
pair incidental associative learning (Sardello 
& Kausler, 1967) and the resultant inter- 
ference in transfer associated with prior 
List 1 VD learning. Others (e.g., Kanak 
& Dean, 1969; Kausler & Dean, 1967) 
have shown that incidental associative in- 
terference may be involved in the WrkRi, 
W;-R,' and W;-R;, W;'-Rs paradigms as 
well as other paradigms involving poten- 
tial associative competition—unlearning re- 
lationships. In addition, in further support 
of the notion of associative interference, 
Kausler, Fulkerson, and Eschenbrenner 
(1967) have demonstrated that List 1 inci- 
dental associations undergo unlearning in 
the verbal discrimination analogue (i.e. 
Wachs, Wi;-R;) of the A-B, A-C paired- 
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associate transfer paradigm. The present 
prior free-recall learning task prevents 
intrapair associations of the type involved 
in the above studies from being learned. 
As a result, IAR mechanisms may be acti- 
vated without the interfering effect of inci- 
dentally learned associations if such activa- 
tion were accomplished by a prior VD list. 
Performance on the VD task should there- 
fore only be influenced by frequency mech- 
anisms, or by whatever alternative strate- 
gies S may employ, since no available 
evidence suggests that associative mecha- 
nisms affect the proficiency of learning a 
single standard VD list. 

Following free-recall learning, one-third 
of the Ss learned a 12-pair VD list in which 
the 12 R items were the highest normative 
associates of the 12 items involved in the 
free-recall task and were paired with 12 
neutral W items (Cond. TR) which did 
not appear in the free-recall task. The 12 
neutral items, however, had normative 
primary associates which were approxi- 
mately equivalent in associative frequency 
to the 12 items of the free-recall task, 
although these associates were not utilized. 
As can be determined in Table 1, this 
t Ss could not select 


ask on the basis of 
red 


procedure insured tha 
the R item in the VD t 
a difference in meaningfulness, compa 
to the W item. Similarly, one-third of the 
Ss learned a subsequent VD list, after free- 
recall learning, in which the 12 W items 
were the same highest normative associates 
of the 12 free-recall task items and were 
paired with the 12 neutral R items (Cond. 
TW). Within each of the above condi- 
tions, one-half of the Ss were instructed 
(1) regarding the associative relationships 
between R or W words of the two tasks 
while the remainder were uninstructed 
(U). The findings of Raskin et al. (1968) 
suggest that the positive contributions of 
IARs should be confined to the instructed 
conditions. The remaining one-third of 
the Ss constituted a control condition (€) 
in which one-half of the .Ss learned the 
same VD list as the TR conditions and the 
other one-half learned the same list as the 
TW conditions, but the free-recall learning 
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task involved items unrelated to either of 
these VD lists. 

It should be apparent that the TR and 
TW conditions are analogous to the rela- 
tionships involved in the WR, WaR’, 
and W:-Ri, W;-R, transfer paradigms, 
respectively, with regard to the intertask 
manipulation of IARs, but lack the op- 
portunity for prior intrapair associative 
learning. According to frequency theory, 
therefore, Ss in the TR condition should 
respond during VD learning by selecting 
the more frequent item (Rule 1), while 
Rule 2 or selection of the least frequent 
item is initially applicable in the TW con- 
dition. Later jn learning, however, Rule 
2 should become inappropriate in the TW 
condition as a consequence of the break- 
down in the frequency differential associ- 
ated with the more rapid increment in 
frequency units for R items. It should 
also be noted that the TR and TW con- 
ditions are also Similar to the associate 
right (AR) and associate wrong (AW) con- 
ditions investigated by Kanak et al. (1970). 
These authors reported little Support for 
the frequency theory, and the present 
Study therefore Tepresents a further test 
of AR and AW interitem manipulations 


under conditions more favorable to the 
active elicitation of IARs, 
METHOD 

Subjects. — ighty volunteers from the under- 


graduate classes at Arkansas Polytechnic College 
participated in the experiment, All Ss were naive 
with respect to Prior participation in VD learning 
research. Placement of Ss into the respective treat- 
ment conditions was made according to a predeter- 
mined random block assignment, 
Materials, T welve pairs of associates 


TA BLE-CHAI R, YOUN( JER-OLDER " 
FAST, LWAYS- 


(DoGs-cars, 
HA RD-SOFT, SLOW- 
BLACK-WHITE Li 


M-FLOWERS, and 
from the Palermo and 
sociation norms. From this 
pool, the 12 Primary stimulus words served in the 
free-recall learning ` task, Their associates were 
randomly paired in the VD task with a new set of 
12 unrelated words also Selected from the Palermo 
and Jenkins norms, For the TR conditions, the 
associates of the free-recal] items Served as R items 
in the VD task and the W-R item function was 
simply reversed for the TW conditions. The C 
condition practiced on the same Vp list as the other 
conditions, but their 12 fr items were 


-QUEEN) were selected 
Jenkins (1964) Word as: 


ce-recal] task 
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TABLE 1 


ACQUISITION Lists For FrREE-R FECALL AND 
JERBAL DISCRIMINATION LEARNING 


Free-recall learning 


Verbal ¢ iscrimination pairs 
items Verbal di 


SS ES a 


Experi- 


ontro| 
menta] | Control 


Original Re-paired 


BITTER 5 WHIT 
HARD TOWN HIGH OLD 
SLOW ROUND PEPPER BIRD 
ALWAYS AN CHAIR 
K © CHAIR BUTTER CATS 
SHORT AFRAID SHORT 
OLDER CARPET 
FAST LAMP 
BIRD COLD : 
KING THERE SHOES LOWERS 


"recall task items are in the right spatial 


words unrelated to those in the VD list 
also selected from the Palermo and Jenkins’ norms, 
The lists used in the free-recall learning task and 
the VD task are presented in Table 1, 

To control for idiosyncratic associations and to 
increase generalizability of the findings, for one-half 
of the Ss the resulting VI) lists were randomly 
re-paired such that original pairings were not re- 
tained. The standard procedures of randomizing 
serial and spatial position were also completed for 
each VD list variant. The free-recall learning tasks 
Were also presented in four random orders to mini- 
mize seria] learning effects, 

Procedure, — ich S was informed that alterna- 
tion of study and recall trials, characteristic of the 
free-recall task, would continue until he was able 
to recall all 12 words. In the study trials, the 12 
words were presented individually for 2 sec, by 
means of a tape recorder, After each study trial, 5 
Was given a sheet of Paper on which 12 lines were 
Placed in vertical alignment and was asked to recall 
as many words a. possible in any order, Forty-five 
seconds were allowed for each recall trial, Follow- 
ing the free-recall trials, instructions standard to 
the anticipation Procedure of VD learning were 
administered to each SS, In addition, Ss in the 
I-TR and I-TW conditions were informed about 
the nature of the relationship between the free- 
recall learning items and the VD pairs, The Ss in 
the other conditions Were simply told the free-recall 
task was an integral part of the experiment. The 
VD pairs were then administered via the tape 
recorder by the anticipation procedure at 2:2 sec. 
rate. i the VD list was carried to a 
criterion of 3 Successive perfect trials or 10 trials, 
whichever came first. Only 10 Ss required 10 trials 
to reach the alternate criterion, 5 in the U-TR 
condition, 2 in the C condition, and 1 each in the 
U-TW, I-TW, and I-TR conditions, 

Jpon completion of practice on the VD list, a 
terminal free-recal] task was administered without 
Previously informing S. This task consisted of each 


ind were 


s 


S recording as many W and R items as he could 
,remember without regard to item function or order 
on a sheet of paper which presented 24 lines in 
vertical alignment. The terminal free-recall task 
was employed to measure the availability of W and 
R items for recall. To the extent that IARs are 
activated in the experimental conditions, W-item 
recall should be superior to the control condition in 
the TW conditions and R-item recall should be 
superior in the TR conditions. Furthermore, if 
instructions facilitate the activation of IARs, these 
effects should be most pronounced in the I-TW and 
I-TR conditions. 


RESULTS 


Preliminary analyses showed that the 
variants of both the free-recall list and the 
VD list were comparable across the treat- 
ment conditions, Fs < 1. 

Variability in the difficulty of learning 
the VD list, as reflected in the total number 
of errors to criterion, was highly significant, 
F (4, 75) = 13.86, p < .005. The means 
and standard deviations (z = 16) are pre- 
sented in Table 2. The Newman-Keuls 
test, used to make the pairwise compari- 
sons, revealed that the U-TR and I-TR 
conditions differed significantly from the 
remaining conditions and from each other 
(all ps < .05). Regarding the effect of 
instructions, both the I-TR and I-TW 
conditions resulted in significantly fewer 
errors than the C condition (ps < .01 and 
< .05, respectively), the U-TR condition 
was more difficult than the C condition 
(p < .05), while the U-TW condition did 
hot significantly differ from the C condition 
(b > .05). 

Recall of W and R items was analyzed 
via a 5(Treatment Conditions) X 2(W and 
R items) analysis of variance with the last 
TABLE 2 


MEANS AND STANDARD DEVIATIONS FOR LIST 2 
Errors AND W-IrEM AND R-ITEM 
TERMINAL FREE RECALL 


List 2 errors | W-item recall | R-item recall 


Cond. 
x SD X SD x SD 
U-TR |14.94| 6.34 | 5.13 | 1.74 | 7.75 | 2.20 
C |10.88| 4.11 | 5.00 | 2.22 | 8.31 | 1.40 
U-TW | 9.69| 4.43 | 8.06 | 2.32 | 7.81 1.76 
I-TW | 675 4.28 | 4.38 | 2.50 | 7.31 | 1.74 
LTR | 3.44| 365 | 3.19 | 1.22 | 9.38 | 2.06 

| 
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factor treated as a within-S factor. Signifi- 
cant sources of variability included item 
recall, F (1, 75) = 150.02, p « .001, and 
the interaction, F (4, 75) = 21.06, p< 
.005. Treatment conditions produced a 
trend toward significance, F (4, 75) — 2.35, 
p< .10. The cell means and standard 
deviations for W-item and R-item recall 
are summarized in Table 2. Statistical 
comparison of the means for W-item recall 
showed that the 1-TW conditions resulted 
in more W items recalled than each of the 
other conditions (ps « .01). The superi- 
ority of the U-TR and C conditions to the 
I-TR condition represented the only other 
significant comparisons (ps < .05). For 
R-item recall, the I-TR condition produced 
more items recalled than the other condi- 
tions, but it was significantly superior to 
only the I-TW condition (p « .05) which 
had the least number of R items recalled. 
Since differences in rate of learning could 
be correlated with the recall scores, product- 
moment correlations were computed be- 
tween trials to criterion and total recall. 
The only significant correlation was for the 
I-TR condition, r (14) = — 44, p < .05. 

In agreement with Raskin et al. (1968), 
the present results demonstrate the impor- 
tance of informing S about any associative 
relationship involving the List 1 and List 2 
W and R items of a transfer paradigm. 
Frequency theory assumes that IARs do 
transfer from List 1 to List 2 in transfer 
tasks involving associatively related items 
and that, therefore, performance in the 
W;-R;' and W;'-R. second lists should be 
regulated by Rules 1 and 2, respectively. 
]t is further implied that performance on 
a Wyj'-Rs list will eventually depend upon 
the application of Rule 1 since frequency 
units rapidly accrue to the R items during 
learning. In a similar manner, [ARs 
should accrue to the associates of the free- 
recall learning items while S practices on 
the free-recall task. In the TR conditions, 
the transfer of IARs should add frequency 
units to the R items and frequency units 
should be added to the W items in the TW 
conditions with or without instructions 
concerning the intertask relationships. The 
appropriate Rules should then be 1 and 2, 
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respectively, with Rule 1 later applying to 
the TW conditions in the later Stages of 
learning. 

The present findings, however, do not 
fully support Previous results reported for 
the W;-R;' and W,-R 
they well accord with frequency theory, 
Without instructions, Ss in the U-TR con- 
dition tended to select 
Presumably the least frequent item rather 
than the most frequent, whereas the U-TW 
condition failed to differ significantly from 


inferiority, Performance on Trials 1-4 
Was also examined for all conditions, buf 
the results replicated the analysis on total 
errors. Previous investigations concerned 
with the Wi-R;' and Wy-R, paradigms 
(Kanak & Dean, 1969; Kausler & Dean, 
1967; Raskin et al., 1968) did not report 
significant differences, in the absence of 
instructions, but found the W;-R,' list 
somewhat easier than the W,-R, or control 
list. Performance on the W;'-R, list was 
essentially inferior to the W.-R, condition 
in the early trials, a result attributed to 
mediated associative interference (Kausler 
& Dean, 1967). In the present study, the 
comparable U-TW condition tended to be 
easier than the C condition, in the absence 
of an associative interference component, 
It is interesting to note the similarity 
between the Present findings and those 
reported by Kanak et al. (1970), who 
manipulated [ARs between W and between 
items in a single VD list. Contrary to 
frequency theory, manipulation of IARs in 
the AW condition failed to have an in. 
hibitory effect upon performance, and, 
instead of the facilitation Predicted by fre. 
quency theory, these authors found that 
the AR Condition was the most difficult. 
The Pronounced retardation demonstrated 
when IARs were manipulated in the U-TR 
rondition of the present study and in the 
condition of the Kanak et al, study is 
Perhaps attributable to interference created 
by extraexperimenta] Words elicited as IARs 
during practice on the VD list. Barch, 
ippman, and Whalen (1967) have sug- 
gested that these alternate associative links 
are a part of the adult's language habits. 
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As the result, these can be elicited as IARs 
during learning and adversely affect the 
learning process, . 

Instructions apparently inhibited the in- 
terference from extraexperimental IARs, 
or activated other learning Strategies, be- 
cause, in sharp contrast to their unin- 
structed counterparts, both the I-TR and 
I-TW conditions were Superior to the C 
condition. Scemingly, Ss successfully ap- 
Rule 1 and Rule 2, respectively. 
However, Ss in the U-TW condition did 
not experience the interference in later 
learning expected as a result 9f the rapid 
accumulation of frequency units to the R 
items and the consequent predicted neces- 
sity of changing to a Rule 1 strategy, 
Thus, Perhaps Ss in the instructed con- 
ditions employed some other Strategy, 
Recent research concerning reversal shifts 
in VD transfer tasks (Paul & Paul, 1968) 
and intrapair manipulations of IARs (Barch 
et al., 1967) have shown that Ss can apply 
functional rules other than selecting R 
items on the basis of relative frequency. 
Therefore, instead of applying rules based 
upon frequency, Ss in the I-TR and I-TW 
conditions may have adopted the rules 
“approach the related items” and “avoid 
the related items,” respectively, Further- 
more, it is logical to assume that’ if Ss in 
the I-TW condition actively avoided the 
W items and 5s approached the R items in 
the I-TR condition, the act of utilizing 
these rules would no doubt enhance the 
learning of these items as “responses.” 
The Predominance of W and R items in 
the terminal free-recall Protocols of the 
I-TW and I-TR conditions, respectively, 
gives credence to this hypothesis, 

In view of the Present findings, it appears 
that interpretationg of VD learning in- 
volving manipulationg of IARs need to be 
expanded to include explanations other 
than frequency theory. The results ob- 
tained in the instructed conditions of the 
present experiment, as well as those reported 
by Barch et al. (1967) and Paul and Paul 
(1968), Suggest that S$ wil] adopt any strat- 
egy of VD learning 
more efficient, 


Which he discovers to be 


T 
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The learning of kindergarten and second-grade children 
discrimination transfer. 


two conditions of 
each S involved the learning of three 
The same stimuli, which varied in size 


Problems. One dimension was relevant 
variable within trials on each problem. : x e 
and Problem 3 was another extradimensional shift from 
Problem 2, Problem 3 was either the same 
Kindergarte 


Shift from Problem b 


Reversal condition) Problem 1. 


Same than under the Reversal condition. 


for second graders. The results suggest 


RIMINATION SHIFT BEHAVIOR} 


EN 


RATES AS DETERMINANTS OF 


was compared under 
The experimental procedure for 
consecutive discrimination problems. 
and brightness, were employed in all 
and the other was irrelevant and 
Problem 2 was an extradimensional 


as (Same condition) or a reversal of 
ners learned faster under the 
Condition differences were absent 


that kindergarten children extinguish 


mediating responses faster than instrumental choice responses, while the 
reverse probably holds with second graders. 


Interest in the development of human 
iscrimination learning was engendered by 
Kendler and Kendler (1962) when they 
Suggested that the manner in which dis- 
crimination problems are learned changes 
ontogenetically, Specifically, these writers 
Proposed that children below the age of 
approximately 5 yr. learn in a single-link, 
-R fashion, while older humans learn in a 
Covert, mediational fashion. In the single- 
link type of learning (e.g., Spence, 1936), 
differential response tendencies are devel- 
oped directly to the discriminative cues 
through the effects oi reward and non. 
reward. The S is viewed as responding to 
the stimulus with the greater response 
tendency. In the mediational type of 
learning, S acquires a chain of two re- 
Sponses, an implicit mediating response to 
the relevant stimulus dimension and 
instrumental choice Tesponse to the 
warded cue on that dimension, 


an 
re- 
The func- 
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tion of the mediating response, which may 
have either a perceptual or a verbal basis, 
is to alter the stimulus input ina manner - 
such that the effective discriminative cues 
become the values of à specific dimension. . 
Kendler and Kendler (1962) supported 
their developmental change hypothesis 
with data from two types of experiments. 
One type consisted of comparing the ease of . 
learning discrimination reversals and extra 
dimensional (ED) shifts (in which a pre 
viously irrelevant dimension is made 
relevant), Single-link learners (young chil- 
dren) should find reversal shifts, which 
involve negative cue transfer, more difficult 
than ED shifts, which generally involve no 
consistent source of cue transfer. Alterna- 
tively, mediators (older humans) should 
find ED shifts more difficult than reversal ; 
shifts since these situations involve, respec- 
tively, negative and positive transfer of 
mediating responses. The optional shift 
procedure is employed in the Second type: 
of experiment. In these experiments, .S 
first is trained to criterion on a problem 
involving à relevant dimension (e.g., size) 
and an irrelevant dimension (e.g., bright- 
ness) which varies within trials. The two 
dimensions are made redundant and rele- 
vant in a second Phase, with the positive 
complex containing the Previously negatiye 
cue. The S can learn this problem either 
as a reversa] or ag an ED shift, The # 


final phase of the procedure is a transfer 
: test which allows an assessment of the way 
Ain which the optional shift was learned. 
The prediction from the developmental 
change position is that the proportion of 
_Ss making reversal shifts should increase 
pwith age since such a choice is consistent 
i with the mediational type of learning. 
i The developmental change hypothesis 
has not been consistently supported by 
| data. In experiments comparing the ease 
. Of learning reversal and ED shifts, adult 
t _» humans perform in a manner consistent 
with the mediational position (Isaacs & 
Dunean, 1962; Kendler & D’Amato, 1955). 
But so, apparently, do young children when 
appropriate procedures are used (for a sum- 
mary of the pertinent results see Caron, 
1970). The results of optional shift studies 
clearly indicate an increase with age in the 
proportion of Ss making reversal shifts 
(Kendler & Kendler, 1968; Kendler, Kend- 
ler, & Learnard, 1962). In this instance, 
however, what is not clear is that the ob- 
Served trend is due to a change from single- 
link to mediational functioning. Tighe 
and Tighe (1966) reported that almost all 
of their 3- and 4-yr.-old Ss made reversal 
shifts when trained initially on a very 
| Salient dimension. More recently, Cam- 
` pione (1970) found that if preschool and 
| second-grade children were allowed an op- 
tion of making either intradimensional (in 
Which new cues preclude a reversal) or ED 
Shifts, approximately two-thirds of both 
groups showed the former behavior. 
The foregoing discussion indicates that 
the hypothesis of an ontogenetic change 
from single-link to mediational functioning 
is questionable at best. More tenable is the 
Position that young children, as well as 
older children and adults, learn in a media- 
tional fashion. The data, particularly 
those obtained with the optional shift pro- 
Cedure, do suggest, however, that some type 
of change is taking place developmentally, 
and a different interpretation has been 
Offered for these data (Campione, 1970; 
Dickerson, Wagner, & Campione, 1970). 
This interpretation has two main points: 
(a) Mediational learning is character- 
Istic of all ages, and (b) the relative rates 
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at which mediating and instrumental choice 
responses are acquired and extinguished 
change developmentally. Specifically, it 
was proposed that young children acquire 
and extinguish choice responses slower than 
mediating responses and that this differ- 
ence is reversed in older children and adults. 

The present experiment was designed to 
test the foregoing interpretation. The pro- 
cedure was modeled after one used by 
Lawrence and his associates (Goodwin & 
Lawrence, 1955; Lawrence & Mason, 1955) 
and involved the learning of three consecu- 
tive problems by two different groups of 
Ss. The same stimuli were used in all 
three problems, and these stimuli varied 
along the dimensions of size and bright- 
ness. For the first two problems, the two 
groups were treated identically. The S$ 
learned the first problem, which involved a 
relevant (e.g., size) and an irrelevant (eg. 
brightness) dimension, and then learned the 
second problem, which was an ED shift 
from the first problem. The third problem 
was another ED shift, with the relevant 
dimension of the first problem becoming 
relevant again. For one group the solution 
of the third problem was the same as the 
solution of the first problem, and for the 
other group the third problem was a rever- 
sal of the first problem. The S theoreti- 
cally will begin the second problem with a 
strong irrelevant r-ediating response and a 
strong choice response to a cue on this 
dimension. Both responses initially will 
occur in conjunction and will be rewarded 
and nonrewarded on a chance basis. Both 
prepotent responses thus will undergo ex- 
tinction. The irrelevant mediating re- 
sponse will at some point be extinguished 
and S will acquire a mediating response 
to the relevant dimension. When this oc- 
curs, the choice response to the previously 
positive cue can either be fully extinguished 
or not. If it is not, this choice response 
theoretically cannot undergo further extinc- 
tion while S is making a mediating response 
to the other dimension, i.e., during the 
remainder of the second problem. + (This 
last statement is based upon the assump- 
tion made by most mediational theories 
that changes in the tendency to select a 
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particular cue occur only when a mediating 

response is made to the appropriate dimen- 
sion.) During the learning of the third 
problem, S again will change his mediating 
response, this time back to the dimension 
which also was relevant in the first problem. 
If his choice response to the previously 
positive cue was not fully extinguished 
during the learning of the second problem, 
then he will tend to choose this cue again. 
Faster learning should result if this cue 
is positive (Same condition) than if it is 
negative (Reversal condition). If the choice 
response to the previously positive cue was 
fully extinguished during the second prob- 
lem, then the two conditions should yield 
similar learning rates, 

The performance of kindergarten and 
second-grade children under these condi- 
tions was compared in the present experi- 
ment. Kendler et al. (1962) reported that 
only 5095 of their kindergarten sample 
made optional reversal shifts. This result, 
when interpreted from the present view- 
point, suggests that kindergarten children 
may acquire and extinguish choice re- 
sponses slower than mediating responses. 
"They therefore should learn faster when the 
third problem is the same as the first prob- 
lem than when the third problem is a 
reversal of the first problem. Second graders 
supposedly acquire and extinguish choice 
responses faster than mediating responses 
and, therefore, should show similar rates 
of learning under both conditions. 


METHOD 


„Subjects. —The Ss were 16 male 
‘indergarten children and 16 male 
second-grade children, all enrolled in 


in Manchester, Connecticut. 
64 mo. to 78 mo, in 


and 16 female 
and 16 female 
a public school 
Age ranged from 
the kindergarten sample, with 
a mean of 69.5 mo., and from 89 mo. to 112 mo. in 
the Second-grade Sample, with a mean of 95.8 mo. 
The children may be described as coming from pre- 


dominantly White, middle-class, and Protestant 
backgrounds. Each S was assigned randomly to 
one of four conditions, with the restriction that an 
equal number of male and female Ss was assigned 
to each condition, 
Apparatus.—A Portable discrimination learning 
apparatus was used. The apparatus consisted of a 
flat base, 25.4 cm. wide X 48.3 cm. long, and a 
movable cover, 50.8 cm. ; B high 


long and 35.6 cm 
Centered 14.0 cm. apart in the base were two circular 
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reward wells, 6.4 cm. in diameter and 6.3 mm. deep. 
The movable cover was attached to the base in a 
manner such that when lowered it blocked S's 
view of E's manipulations of the stimuli, and when 
raised it allowed S to view and to respond to the 
stimuli. The apparatus was painted dark brown, 
and the bottoms of the reward wells were lined with 
green felt. 

The stimuli were four wooden cylinders, 3.2 cm. 
in diameter, which varied in height, 15.2 cm. versus 
8.9 cm., and in brightness, black versus white. Each 
i mounted on a 8.9-cm.-sq. masonite 
as painted a medium gray. Two such 
with no stimuli attached were used during 
ining. 

General. procedure.—The. experimental treatment 
for each S required a minimum of three and a maxi- 
mum of six daily sessions. Each S was trained twice 
to a criterion of nine correct responses in 10 con- 
secutive trials on each of three discrimination prob- 
lems. The stimuli described above were employed 
on all problems. i 

The 5's response was pushing back a stimulus to 
expose the reward well under it. Red and blue 
plastic chips, unsystematically varied, served as 
rewards. The S deposited these chips as they were 
acquired into a gray metal can with a small opening 
in the top. In addition to the chip, correct re- 
spons were rewarded with “good.” Incorrect 
responses were punished with “no,” and correction 
was not permitted. 

Pretraining.—A brief period of pretraining pre- 
ceded training on the first problem. The E first 
told S that he “was going to play the chip game," 
and that 5 was to attempt to find the chip by pushing 
back one of the stimuli each time E raised the cover 
of the apparatus. Three practice trials with the 
plain stimulus bases then were given. Both reward 
wells contained chips on these trials. On the first 
trial, the bases were placed in back of the un- 
covered reward wells, and the chips clearly were 
visible. The reward wells were only partially 
covered on the second trial and were fully covered 
on the third trial. Next, S was shown the four 
stimuli and was asked to point in a predetermined 
order to the pairs having each of the different cue 
values, i.c., short, tall, black, and white. Eight 
more pretraining trials were then given. On these 
trials, the experimental stimuli were employed and 
varied on each trial along both the size and bright- 
ness dimensions. The S was told prior to each re- 
sponse which of the four cues was associated with 


the chip reward. Each ci» Was correct for two con” 
secutive trials and w: 


as paired once on these trials 
with cach value of the other dimension and with 
each position. The order in which a given $ Was 
asked to point to the pairs of stimuli with specifics ^ 
cue values and in which th different cues were cor- 
Tect on the subsequent pai:. of practice trials were 
the same. The S pointed and responded to cues 1n 
the following order: (a) a randomly selected cue on 
the irrelevant dimension of the first problem, (b) the 
positive cue of the first problem, (c) the other cue 
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on the irrelevant dimension, and (d) the negative 
cue of the first problem. 

_ Training.—The S began training on Problem 1 
Immediately upon the completion of pretraining. 
The E introduced this problem by stating that it 
Was now S's turn to guess which stimulus had the 
chip under it and that .S should attempt to find the 
chip every time. 

The training procedure was essentially the same 
for all three problems of the sequence. A training 
Session was terminated either (a) by the attainment 
of criterion performance on a problem or (b) by the 
first error after the fortieth trial which eliminated 
the Possibility that S was ina criterion run. Train- 
Ing was continued for 1 more day (40 trials) on a 
Problem if criterion was not reached in the first 
session of training. On the day following criterion 
Derformance for Problems 1 and 2, S first was re- 
trained to criterion, and the next problem in the 
Sequence then was introduced immediately without 
comment from E. After every tenth precriterion 
trial on all problems, E said to 5, "Remember, 
the game is to find the chip every time." 

Any S who failed to reach criterion in two sessions 
9n cither Problem 1 or Problem 2 was dropped from 
the experiment and replaced with another S from 
the available pool. Twelve kindergarteners and 
four second graders were replaced. . 

Conditions.—One of the dimensions, size or bright- 
elevant and the other was irrelevant and 
varied within trials on each problem. For half of the 
Ss at each age level, the relevant dimensions were 
brightness in Problem 1, size in Problem 2, and 
brightness in Problem 3. For the other half of the 
Ss, the order of relevant dimensions was size, bright- 
Each of the Age Level X Sequence 
The solution of 


ness, and size. £ 
groups was divided once again. 
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Problem 3 was the same as that of Problem 1 for 
one of these subgroups (Same condition), while the 
solution of Problem 3 was a reversal of that of 
Problem 1 for the other subgroup (Reversal condi- 
tion). For example, an S in the Same condition 
might have white, tall, and white as positive cues in 
Problems 1, 2, and 3, respectively. A similar S in 
the Reversal condition would have black as the posi- 
tive cue in Problem 3. 

The positive cues on the relevant dimensions in 
Problems 1 and 2 were determined randomly for 
each S. The position of the correct stimulus, left 
or right, over trials was varied according to a Geller- 
mann series. Each irrelevant cue was paired with 
the positive cue on 5 of every 10 trials. This pairing 
was restricted so that no more than 3 consecutive 
trials were alike. 


RESULTS 


The principal measure employed was 
the number of errors through criterion. 
The means and standard deviations of the 
error scores are presented in Table 1 for all 
subgroups, disregarding the sex variable. 
The data for each problem were analyzed 
in a 2 X 2 X 2 X 2 factorial design, with 
sex (male vs. female), age level (kinder- 
garten vs. second grade), relevant dimen- 
sion sequence (brightness-size-brightness 
vs. size-brightness-size), and condition 
(same vs. reversal) as the factors. : . 

Only the effect of relevant dimension 
sequence attained significance in the analy- 


TABLE 1 
MEANS AND STANDARD DEVIATIONS OF ERRORS-THROUGH-CRITERION SCORES 
MEANS AND STAND: 


Cond. Measure Problem 1 Problem 2 Problem 3 
Level ond. 
; bd 3.50 15.12 5.00 
Kindergarten Same SD 150 9.88 385 
! BSB X 19.75 12.50 4.50 
Sante : SD 17.40 6.63 3.12 
SBS X 3.50 12.50 20.87 
Reversal ees SD 2.78 6.87 12.43 
BSB X 12.50 11.75 9.62 
Reversal SD 8.54 9.51 6.59 
: s * 8.63 11.75 5.75 
Second grade | Same SBS <5 8.55 7.78 3.73 
. Y 8.00 742 5.75 
Same B3B - 10.11 1.36 4.43 
— v 3.87 19.12 443 
P versal SBS E 4.12 12.73 3.09 
: Y 12.75 5.37 5.25 
Reversal BSB E 10.40 2.97 6.52 


ize. BSB — 


Note.—SBS = size-brightnes 


ize-brightness. 
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ses of the data from Problem 1, F (1, 
48) = 11.32, and Problem 2, F (1, 48) 
= 7.48, both ps < .01. As can be seen 
in Table 1, these effects seem to have 
resulted from generally faster learning 
when size was the relevant dimension of 
either problem. 

Two main effects and two interactions 
attained statistical significance in the analy- 
sis of the Problem 3 data. Primary interest 
is focused upon the significant interaction 
of the age and condition factors, F (1, 48) 
= 13.28, p < .001, since faster learning 
under the Same condition than under the 
Reversal condition was expected only for 
the kindergarten Ss. In order to assess 
whether the significant interaction reflected 
the expected pattern of results, F tests were 
made between the two conditions at each 
age level. Learning was faster for kinder- 
garteners under the Same conditions than 
under the Reversal condition, F (1, 24) 
= 14.38, p < .001. The conditions effect 
was nonsignificant for second graders, 
F (1, 24) = 47. The significant main 
effects obtained for age, F (1, 48) = 9.09, 
and condition, F (1, 48) = 8.85, both 
ps < .01, are of little importance given the 
Significant interaction of the two factors. 

The other significant interaction in the 
analysis involved the age and relevant 
dimension sequence factors, F (1, 48) 

= 412, p < .05. Subsequent comparisons 
showed that Problem 3 was learned faster 
by kindergarteners when brightness was 
relevant than when size was relevant, 
F (1, 24) = 4.50, P < .05, while the dimen- 
sion effect was nonsignificant at the second- 
grade level, F (1, 24) = .13. The dimension 
effect obtained for kindergarteners is the 


reverse of the overall effects found in 
Problems 1 and B 


The error data were analyzed in another 
fashion in order to correct for individual 
differences in Speed of learning. The error 
scores of Problem 1 were subtracted from 
those of Problem 3 for each S, and the 
difference scores then were analyzed in the 
same manner as the original error scores. 
The analysis yielded essentially the same 
results as the analysis of the Problem 3 
error scores. The interaction of age and 
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condition was significant, F (1, 48) = 9.25, 
b «.01. This interaction was due to a 
conditions effect for kindergarteners, F 
(1, 24) = 11.21, p< -01, and the absence 
of such an effect for second graders, 
F (1,24) = .16. 

An analysis also was made of persevera- 
tive responding at the outset of Problems 
2 and 3. The present interpretation im- 
plies that kindergarten children extinguish 
choice responses slower than second-grade 
children. If so, then one might expect the 
kindergarteners of the present experiment 
to show a longer run of consecutive re- 
sponses to the previously positive, and now 
irrelevant, cue upon being shifted from 
Problem 1 to Problem 2 and from Problem 2 
to Problem 3. The number of errors made 
during the perseverative runs on Problem 2 
and Problem 3 were tabulated for each S 
and were analyzed in a five-factor (the 
four factors indicated above plus that of 
problems) analysis of variance. The only 
significant effect in this analysis was that of 
age, F (1, 48) = 6.61 p < .05. The kinder- 
garteners and second graders showed 1.81 
and 1.31 mean perseverative errors per 
problem, respectively. 

Also studied was the nature of the 
response made by each S on the trial 
immediately following the last persevera- 
tive response on Problem 3. If kinder- 
garten children extinguish choice responses 
slower than mediating responses, then a 
kindergarten S should tend to terminate 
the run of perseverative responses occurring 
at the start of Problem 3 with the extinc- 
tion of the mediating response and not of 
the instrumental choice response, The S 
then should tend on the next trial to make 
a mediating response to the relevant dimen- 
sion of Problem 1. If so, the present view 
predicts a choice response to the positive 
cue of Problem 1. |n the case of second- 
grade children, the run of perseverative 
responses should tend to terminate with 
the extinction of the choice response and 
not of the mediating response. The choice 
response thus should tend to be to the other 
cue on a previously relevant dimension. A 
count was made of those Ss who responded 
on the trial on which the perseverative run 
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was broken on Problem 3 to the complex 
containing the positive cue of Problem 1. 
Twenty-four of 32 (75%) kindergarten Ss 
and 12 of 32 (37.5%) second-grade Ss 
made such responses. Assuming a chance 
level of 50%, binomial tests indicated that 
the kindergarteners selected the complex 
containing the positive cue of Problem 1 
at a level significantly above chance 
(p « .01), while the second graders selected 
at a level not significantly below chance 
(p > .20). 


DISCUSSION 


The major result of this experiment was that 
kindergarten children learned faster under the 
Same condition than under the Reversal con- 
dition, while second-grade children learned at 
stmilar rates under the two conditions, This 
finding suggests that kindergarten children 
tend to extinguish instrumental choice re- 
sponses more slowly than mediating responses 
and that the reverse probably i 


is true of 
second-grade children. Additional support for 
this inference is providec 


l by the data indicating 
that kindergarteners do and second graders 
do not show a tendency to terminate the run 
of perseverative responses in Problem 3 with 
the selection of the complex containing the 
positive cue of Problem 1. The hypothesis 
of a developmental change in the relative 
rates at which mediating and choice responses 
are acquired and extinguished thus is 
supported. 

The hypothesis can be invoked to explain 
the increase with age in the proportion of Ss 
making optional reversal shifts. As Campione 
(1970) has pointed out, S begins the optional 
Shift problem from a mediational viewpoint 
With a strong mediating response to the pre- 
viously relevant dimension and a strong choice 
response to the cue on that dimension which 
now is a part of the negative stimulus complex. 
Since S will respond incorrectly on the first 
few trials, both the prepotent mediating and 
Choice responses will undergo extinction. 
the choice response extinguishes faster than 
the mediating response, S will be likely to 
learn an optional reversal shift. If the mediat- 


ishes faster, then an op- 


Ing response extingui c 
tional ED shift or inconsistent responding 


becomes the more likely result. 

The Kendler et al. (1962) results are not 
completely consistent with those of the present 
Study, There is no indication in the present 
results that even some second-grade children 
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extinguish choice responses slower than me- 
diating responses. Yet Kendler et al. found 
only approximately 60% optional reversers at 
a comparable age level. It seems likely, how- 
ever, that other factors, such as dimensional 
salience, are involved in the determination of 
the type of shift which is made. Even under 
conditions where choice response transfer is 
eliminated, transfer of learned mediating re- 
sponses is not the sole determinant. Campione 
(1970), for example, found that under such 
conditions over one-third of his second-grade 
sample made optional ED shifts. 

A finding related to the present hypothesis 
was that the run of perseverative responses to 
the positive cue of the preceding problem was 
longer for kindergarten than for second-grade 
children. This result suggests, as might be 
expected, that the rate difference is one in 
which younger children acquire and extinguish 
instrumental choice responses slower than 
older children. However, the equivalent learn- 
ing rates for the two age groups in Problems 
1 and 2 and in the Same condition of Problem 
3 are not consonant with this interpretation. 
While it could be proposed that the slower 
and extinction of choice responses 
in kindergarteners is counterbalanced by a 
faster acquisition and extinction of mediating 
such a proposal certainly is not 


Perhaps it is best merely 
to note at this time it is frequently found that 
younger children learn slower than older 
children (e.g.. Tighe & Tighe, 1966). 

Verbal behavior may play a role in the type 
of developmental change indicated by the 
present results. As the child becomes older, 
he may begin to use implicit verbalizations in 
problem solving (e.g., see Flavell, 1970; Luria, 
1961). The implicit verbalizations could allow 
him to rehearse the associations between Spe- 
cific cues and rewards. The rehearsal could in 
turn facilitate the elicitation and inhibition of 
ecific cues and, hence, produce 
sition and extinction of instru- 


acquisition 


responses, 
intuitively appealing. 


responses to sp 
the faster acqui 
mental choice responses. 


REFERENCES 


CAMPIONE, EG Optional intradimensional and ex- 
tradimensiona shifts in children as a function of 
age. Journal of Experimental Psychology, 1970 


84, 296-300. 


Caron, À. J. s 
olds as a function of shift procedure. 


mental Psychology. 1970, 3, 236-241. 
DickERSON, D. J- Wa x, J. F., & CAMPIONE, 
FE Discrimination shift performance of kin- 
dergarten children as a function of variation of the 


Discrimination shifts in three-year- 


Develop- 


Rit 


122 


irrelevant shift dimension. 
chology, 1970, 3, 229-235. 

FLAVELL, J. H. Developmental studies of mediated 
memory. In H. W. Reese & L. P. Lipsitt (Eds.), 
Advances in child development and behavior. Vol. 5. 
New York: Academic Press, 1970. 

Goopwin, W. R., & Lawrence, D. H. The func- 
tional independence of two discrimination habits 
associated with a constant stimulus situation. 
Journal of Experimental Psychology, 1955, 48, 437— 
443. 

Isaacs, I. D., & Duncan, C. P. Reversal and non- 
reversal shifts within and between dimensions in 
concept formation. Journal of Experimental 
Psychology, 1962, 64, 580-585. 

KENDLER, H. H., & D'Amato, M.F. A comparison 
of reversal shifts and nonreversal shifts in human 


concept formation. Journal of Experimental Psy- 
chology, 1955, 48, 165-174. 


KENDLER, H. H., & KENDLER, T. S. Vertical and 


Developmental Psy- 


horizontal processes in problem solving. Psy- 
chological Review, 1962, 69, 1-16. 
KENpLER, H. H., & KENDLER, T. S. Mediation 


and conceptual behavior. In K. W. Spence & 


D. J. DICKERSON, N. NOVIK, AND S. A. GOULD 


J. T. Spence (Eds.), The psychology of learning and 
motivation. Vol. 2. New York: Academic Press, 
1968. 

KENDLER, T. S., KrNpLER, H. H., & LEARNARD, B. 
Mediated responses to size and brightness as a 
function of age. American Journal of Psychology, 
1962, 75, 571-586. 

Lawrence, D. H., & Mason, W. A. Systematic be- 
havior during discrimination reversal and change 
of dimensions. Journal of Comparative and Phy- 
siological Psychology, 1955, 48, 1-7. 

Luria, A. R. The role of speech in the regulation of 
normal and abnormal behavior. New York: 
Liveright, 1961. 

SrENCE, K. W. The nature of discrimination learn- 
ing in animals. Psychological Review, 1936, 43, 
127-449, 

TIGHE, T. J., & Ticne; L. S. Overtraining and 
optional shift behavior in rats and children. | 


Journal of Comparative and Physiological. Psy- 
chology, 1966, 62, 49-54. 


(Received November 26, 1971) 


E, 


! 


3 
o 


A. 


Mc — 


Journal of Experin 
u s nental yi 
1972, Vol. 95, No. 1, (Ce ird 


FRUSTRATION PHENOMENA IN PAIRED-ASSOCIATE LEARNING 


R. A. CHAMPION; T. E. McCANN, an J. A. RUFFELS 


University of Sydney, A ustralia 


Two experiments were designe 
observed in subhuman animals, frustra 
response item after a correct 
Evidence wa 
nant response immediately followir 
the performance of other response 


development of activating properties in 


consistently paired with frustration. 


Mee qus item in paired-associate 
wud ning merme te 
tein SFeERiBAt E d d ission in a partia 
. 1edule should qualify as 
wine laedi s and generate three 

à erto observed with subhuman 
animals, viz., (a) an improvement in the 
immediately following performance of a 
dominant response, which has become 
known as the frustration effect (FE) (Am- 
sel & Roussel, 1952), (b) a more general 
and slower improvement in overall per- 
formance (e.g., Goodrich, 1959), and (c) 
the development of activating properties 
in an initially neutral stimulus consistently 
Paired with the frustration (Wagner, 1963). 
The following experiments were designed 
to test these predictions. 

The expectation of 
formance with partial 
PA learning may seem to 
With the results of at least two studies 
in which percentage frequency of occur- 
rence of the response member (ORM) of 
the PAs was an independent variable; 
using measures such as frequency of correct 
response and trials to criterion, Goss, 
Morgan, and Golin (1959) and Schulz and 


improved  per- 
reinforcement in 


be incompatible 


Runquist (1960) found that acquisition 
Performance increased with ORM, ey. 
a de- 


the present formulation predicts 
17 . 
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anticipation, in 
obtained for (a) an improv 
ng frustration, 
s during partial reinforcement, and (c) the 


d to detect frustration phenomena hitherto only 
tion being defined as the omission of the 


a partial reinforcement schedule. 
ement in the performance of a domi- 
(b) a general improvement in 


an initially neutral stimulus (light) 


However, Schulz and Runquist 
duced ORM increased the 
ich S gave a correct 
rst correct anticipation 
The resolution of the 
; may therefore lie in 
the assumption that the response member 


only acts as à reinforcer when it follows a 
and that its function 


crease. 
observed that re 
frequency. with wh 
response once the fi 
had been made. 

apparent discrepancy 


correct response, 
prior to correct anticipation is to provide 
information (Estes, 1969) or promote 


tiguity (Champion 
f this assumption is 
ts, decreased ORM 
aker 


stimulus-response con 
& Markham, 1967). I 
valid, then, within limi 
should cause performance to be we 
early and stronger late in acquisition. 

The theoretical background of the pres- 
ent studies therefore features the hypoth- 
esis that a reinforcer is only effective if 
there is something to be reinforced, em- 
pirically represented in PA learning when 
the response follows the stimulus in a cor- 
rect anticipation. The reinforcement pro- 
cess is thought to be observed when the 
strength of the response continues to 
increase beyond the first correct anticipa- 
tion, so that any event having this effect 
is defined as a reinforcer. Since the ORM 
is observed to have such an effect, it is 
taken to be a reinforcer. Hypotheses about 
the inherent properties of reinforcers are 
not deemed relevant to the immediate 
purpose ; in particular, it is not implied 
that ORM confirms S's reaction or has a 
flect like food may have for 


Nor is it supposed that 
is 


pleasurable e 
a hungry animal. 
ORM after an incorrect anticipation 
punishing, although it should follow from 
the basic hypothesis that it is at least 
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speeds on Probe Presentations 1-5 are 
shown in Fig. 4. In view of the fact that 
contrary to prediction, the performance of 
Group F was not consistently better than 
that of Group P over later probes, an 
analysis of variance was conducted in the 
mean response speeds over Probes 2-5, 
F (2,57) = 4.91, p < .05; both Groups F 
and P showed significantly superior per- 
formance to Group C, ¢ (57) = 291, 


p < .01, and 2.48, p < .05, respectively, 
but Group F was not significantly superior 
to Group P, ¢ (57) = .42, p » .05. Al- 
significance, 
superior to 


statistical 
was consistently 


though not of 
Group P 


MEAN RECIPROCAL LATENCY (MSEC.) x 10° 


Group F on measures where they were 
expected to be comparable (Fig. 2 and 3). 
Since any such difference could mask the 
predicted superiority of Group F in this 
third case, a difference score was calcu- 
lated for each .S by subtracting the mean 
score for the general effect (Fig. 3) from 
the mean score for Probes 2-5 (Fig. 4). 
In these terms, Group F was superior to 
combined Groups P and C, ¢ (58) = 2.33, 
p < .05. 


EXPERIMENT lI 


Experiment I provided clear evidence 
for an FE in PA learning, but the more 


e 


GROUP P 


? GROUP F 
N 
^ 
x GROUP C 
86 
84 
LJ 
82 L al 1 1 " 
1 2 3 4 5 
BLOCKS OF 3 PRESENTATIONS 
Fic. 2. Me 


reinforced res 
sponses in Group Cc Esp: I; 


"an Tesponse speeds on presentations immediately following non 
Ponses in Groups F and P and on corresponding reinforced re- 
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MEAN RECIPROCAL LATENCY (MSEC.) x 10° 
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GROUP F 


GROUP P 


GROUP C 


3 


PROBE PRESENTATIONS 


Fic. 3. 


approached statistical 


general effect merely 
acquired 


Significance and the status of any 
activational effect was equivocal. 


Method 


ike the second and third effects 


the method of the first study 


ys in Exp. II: (a) A 
was imposed on the 


- nanattempt to mé 
O mor strongly, : 
às modified in five main wa 
Eod reinforcement. schedule n | 
MAG groups from the outset of training, 
vod of all groups having an initial period | of 
Dus reinforcement. (b) More difficult PAs 
EU Ed in the form of letters and nonsense 
o EA in place of commonly associated words. 
ci ollowing the procedure of Wagner (1963), 
initially neutral stimulus (the light) was flashed 


Mean response speeds on present: 
reinforced responses, Exp. I. 


ations immediately following 


between presentations in Group P rather than 
forming part of a randomly determined presenta- 
tion. (d) On nonreinforced presentations in Group 
F, the light was flashed immediately before the 
response item would have appeared if it had been 
a reinforced presentation. (S-L presentations in 
Fig. 5), instead of occurring immediately before 
the stimulus item. (e) The probe response was 
simplified by having S call out the stimulus item as 
it appeared, rather than having to give a response 
learned earlier in training. 

Subjects.— There were 68 Ss, of the same kind as 
those used in Exp. I. 

Apparatus.—With the following exceptions the 
apparatus was identical with that used in Exp. I. 
The S was seated ina sound-reduced room separate 
from that containing E and the main equipment. 
The microphone used by S for intercommunication 
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; to stop the chronoscope. 
CUP, G-VEF, B-DAJ, D-YIS, 


also activated a voice k 
'The PAs were: J-ZOK, F 
H-GEX. 
Procedure.—TYhe Ss were allocated to four groups 
at random within quadruplets, giving 17 in each 
group. In Stage 1 of the procedure, all Ss were 
given 24 trials. Each trial involved the presenta- 
tion of each of the six stimulus items, with or with- 
out the response item, along with three "blank" 
presentations consisting of the light alone or no 
stimulus at all, according to the group conditions; 
these nine presentations occurred in a predetermined 
random order that varied from trial to trial. Other 
than on blank presentations, the stimulus word 
alone appeared for 3 sec. (S presentations in Fig. 5) 
or else it was followed by the response word for .5 
sec., with an interval of 3.5 sec. between the onsets 
of the two items. The interpresentation interval 
remained at 10 sec. In Group F, the response item 
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was omitted on half of the presentations, when the 
light was flashed for .5 . immediately following 
the offset of the stimulus item (5-1. presentations in 
Fig. 5). Group P was on the same reinforcement 
schedule as Group F; the light also occurred just as 
often, but it was flashed on blank presentations (L 
presentations in Fig. 5). In Groups CF and CP, 
the response item always followed the stimulus 
item, except on probe presentations, but the light 
schedules corresponded to those for Groups F and 
P, respectively. 

Stage 2 of the procedure consisted of a further six 
trials in which the four groups were all run under the 
same conditions. The response item occurred on 
every occasion (continuous reinforcement) and 
there were no blank presentatior 

On the last presentation of Trials 3, 5, 9, 11, 13, 
15, 19, 21, 23, 25, 27, and 29, the stimulus item was 
used as a probe, being preceded by the light for 3.5 


7N 
A CN. 
GROUP P ^ % 
/ ES 
i Ss 
y NP? 
/ fo 
\ / 
X / 
S l4 
$ / 
X. / 
/ 
% S ; 
x \ 
8 Y 
2 9 GROUP F 
- fof 
o 
3 ss 
Fi 
E / e 
E / N 
o N 
z / V 
i / li 
Py j 
/ 
/ 
/ 
/ GROUP C 
J 
b / 
s / 
"s, iF 
"SS 
o 
= -— 1 = 
3 4 5 


BLOCKS OF PRESENTATIONS 


Fic. 4, 


Mean response speeds on probe presentations, Exp. I. 


(LL-S and LL-S-R presentations in Fig. 5). 
Each stimulus item W: 
Trials 3-23 (Stage 1), the response 
on probe presentations for all Ss. 

already implied, there was the genera 
that no more than two conse 


FRUSTRATION PHENOMENA IN PA LEARNING 129 
BENE croup | type | “PROX 
smuusitem 0 [| ase D — à 
ient 0.5 SEC. 
STAGE 1 


LIGHT 


[ S-L-R 


STIMULUS ITEM 


0.5 SEC. 


LIGHT 


RESPONSE ITEM 


LIL-S 


LIGHT, 
3.5 SEC. 
STIMULUS ITEM 


LL-S-R 


STIMULUS ITEM 


RESPONSE ITEM [1 


PROBES | LL-S 4 
eee LL l—lL———1 
STAGE2 


Mar 


Fic. 5. Presentation types and reinf 
(S-R presentation types are 


orcement s 


as used as a probe twice. 
item was omitted 
Within the limits 
] restriction 
tions 


In each pa 


sense sylla 


cutive presenta The nonse 


as you see 


There are six le 
On each pair will be 


left-hand screen. 


will appear on the 


chedules in Exp. II 


not shown). 
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presented a number of times. 
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ir the letter will be presented on the 
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rn the non- 


ble that is paired with each letter. 
nse syllable paired with the letter 


right-hand screen, As soon 


the letter on the left-hand screen, 
as quickly as possible and then say 


As indicated in the following instructions, the 
Session began with two practice trials to ensure that 
S followed directions. Since the chronoscope 
stopped when SS read out the stimulus word, these 
response latencies only allowed a general perfor- 
Mance measure, leaving frequency of correctly antici- 
Pated following nonsense syllables as the only avail- 
able measure of PA learning. 


Instructions. —The instructions were as follows: 


. This experiment is concerned with the learn- 
ing of nonsense syllables as responses to letters. 


read it out 
the nonsense syllable that you think is asso- 


ciated with it. Sometimes (Groups F and P 
only: the nonsense syllable paired with the 
letter will not appear. Also) the time between 
presentations of each pair may vary, that is, 
the time between one trial and the next. There- 
fore you will have to keep your eyes on the 
en so that you will be ready to respond as 


scre 
The light will 


soon as the letter is presented. 
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come on at various times during the experi- 
ment. Remember that you have to call out the 
letter as soon as it appears and then give the 
associated nonsense syllable as quickly 
possible. Have you any questions so far? 

We will now havea couple of practice trials to 
introduce you to the items you will have to learn 
and also to the format of the experiment. With 
these trials, I want you to read out the letter 
and then read out the nonsense syllable when it 
appears. And read it out asa syllable, please, 
not letter by letter. (Two trials, with stimulus 
and response items on each presentation). 
Okay, do you get the idea? Remember that 
during the experiment (Groups F and P only: 
the nonsense syllable will not always appear. 
Still), as soon as the letter appears you are to 
read it out and say the associated nonsense 
syllable as quickly as possible. Do not wait for 
the nonsense syllable to appear before calling it 
out. At first you may simply be guessing, but 
the task is easy and you will learn it quickly. 
Remember to respond loudly, quickly, and 
clearly each time. 


as 


Results 


Mean numbers of correct 
given by Groups F and P 


GROUPS F&P 


MEAN NO. CORRECT RESPONSES 
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anticipations 
(partial rein- 


7 


GROUPS CF & cP 


LS 


forcement) and CF and CP (continuous 
reinforcement) are represented in Fig. 6. 
Following Schulz and Runquist (1960), 
mean Correct/Opportunity ratios were 
calculated for each condition by expressing 
the number of correct anticipations follow- 
ing the first reinforced correct response as 
a proportion of the number of following 
opportunities to give a response. The 
obtained values were .94 and .88 for com- 
bined Groups F and p and combined 
Groups CF and GP; respectively, but the 
difference was not Statistically significant, 
t (66) = .95, p > 05. 

Frustration effect—During Trials 14-25, 
when Ss were making relatively few errors, 
there were 27 presentations (excluding 
probes) immediately following a reinforced 
Presentation in Groups F and P, and 27 
corresponding nonreinforced presentations 
in Groups CF and CP. The data from 
these presentations are shown in Fig. 7. 
The mean performance of Groups F and P 
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Mean response speeds on presentations immediately following non- 


reinforced responses in Groups F and P and on corresponding reinforced re- 


sponses in Groups CF and CP, Exp. II. 


Was significantly superior to that of Groups 
CF and CP, F (1, 64) = 5.41, p < .05. 

General effect.—Over the same set of 
trials there were 35 presentations (ex- 
cluding probes) when S was virtually 
Certain to have given a correct, reinforced 
Tesponse on the immediately preceding 
Presentation. The mean speed data for 
these presentations, excluding the few 
Occasions on which the immediately pre- 
Ceding response was incorrect, are shown 
in Fig, 8. The performance of Groups F and 
G was significantly superior to that of 
soups CF and CP, P (1, 64) — 4.44, 
e 05. This significant difference did 
t Persist in Stage 2, when all Ss were 
Treated alike, F (1, 64) = 3.49, p > -09- 


Acquired. activation.—There was no gen- 
eral effect (Groups F and P vs. CF and CP) 
on probe presentations at the end of 
Stage 1 (Probes 8-9) or Stage 2 (Probes 
11-12), F (1, 64) — 1.38 and 1.52, re- 
spectively, p > .05. This finding allowed 
a comparison of Group F with combined 
Groups P, CF, and CP in the knowledge 
that any observed difference in favor of 
Group F could be interpreted as due to 
acquired activation instead of a general 
activational effect. Such a difference was 
found significant on Probes 8-9, ¢ (64) 
= 2.05, P < .05, but not Probes 11-12, 
t (64) = 1.67, p > .05 (Fig. 9). Tests of 
linear trends over Probes 1-9 in Group F 
and Groups P, CF, and CP (separately 
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or combined) proved significant only for 
Group F, F (1, 144) = 10.10, p < .01. 


Discussion 


The aims of Exp. II were met, in that it not 
only replicated the FE observed in Exp. I 
but also provided relatively unequivocal evi- 
dence for a general activational effect due to 
frustration and for an acquired activational 
effect. The test of the general activational 
effect was a rigorous one, confined as it was to 
presentations immediately following a correct 
response, but the partially reinforced groups 
still showed significantly superior performance. 
The existence of a significant trend over 
probe presentations only in Group F, at the 
exclusion of the three other groups, is strongly 
suggestive of an acquired activational effect, 
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despite the loss of a significant difference in 
Stage 2. 


CONCLUSION 


It is likely that the FE and the general 
activational effect are two cases of the same 
phenomenon. The FE is only observed after 
the correct response is the rule, when frustra- 
tion is a meaningful operation by way of the 
omission of reinforcement. As seen in learning 
by subhuman animals (e.g., Goodrich, 1959), 
the general effect appears to develop slowly 
because it also probably awaits the prior de- 
velopment of the correct response. The fact 
that activational effects due to frustration can 
become attached to neutral stimuli present 
at the time, in human as well as subhuman Ss, 
must have implications for the explanation of 
everyday human behavior. Most important, 
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GROUP F 
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PROBE PRESENTATIONS 
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present experi- 
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erhaps, the findings of the 
tion that data 
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cents contradict the assump 
i m lower animals have no direct relevance to 
man activity (e.g, Kintsch, 1970, p. 40), 


de : .; " 
ing more in keeping with the results of 


Workers like Nelson (1971). 
apes data also confir : 
teini response item in PA learning acts as 
respon SLEET when it occurs after a correct 
Settle e While this finding does nothing to 
Promo he issue as to whether the reinforcer 
Merely m the associative process as such or 
at it nasan activational effect, it does seem 
md omission raises the organism $ level 
m anb a reaction that can itself be 
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Signi 
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Mean response speeds on probe present 
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inted to increments in 
performance. It may equally follow that the 
imposition of frustration in complex situations 
will yield decrements in performance (e.g. 
Schmeck, 1970; Schmeck & Bruning, 1968). 


observed effects amou 
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The interaction of arousal and number of le 
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recall was investigated in two 
the validity of the repetition bias. 
multiple massed learning trials in Ex 
of whether this effect was primarily 


material or the time taken by more t 
age of time 


p. H suggested that the p: 
The findings of both 


perimi 


arning trials in paired-associate 


ments. The initial purpose was to test 


The facilitation of high-arousal recall by 


». I led to the investigation, in Exp. I], 
function of repetition of the learning 
han one learning trial. Results of 
was the more critical influence upon 
ents were interpreted as being equivocal 


a 


in regard to neural consolidation theory. 


coping it is generally believed that 
E of a list. during learning facili- 
199 its recall, (cf. Tulving & Madigan, 
e te "action decrement” theory of 
e (1958) maintains that while con- 
5 ation of the memory trace 1s occurring 
there is a negative bias against repetition. 
Repetition of the material to be learned pro- 
ural reverberation 


duces higher levels of ne 
which, although leading to greater ultimate 
memory, inhibits short-term memory, This 
Situation is accentuated if the material is 
learned under high-arousal conditions. Sev- 
eral paired-associate (PA) learning studies 
have confirmed the consolidation hypoth- 
esis by showing that low-arousal recall is 
greater than high-arousal recall over the 
short term while the reverse occurs over 
ne long term (Kleinsmith & Kaplan, 1963, 

64; Walker & Tarte, 1963). 

As an alternative to electroconvulsive 
Shock (ECS) techniques, Walker (1967) 
has suggested the presence of the repetition 
bias in verbal learning studies as an index 
Of the length of the consolidation period. 
It is presumed that when repetitive inter- 
erence ceases the consolidation period has 
ended, Available evidence is equivocal as 
ar as this problem is concerned, with ECS 
hat the consolidation 


to several days 
20 


Studies suggesting t 
Deriod lasts from 5 sec. 
While verbal learning research suggests 
to 45 min, (cf. Walker, 1967). 

dn exploring this problem further, Tarte 


à = T 

o, Requests for reprints should be sent to John W. 
nis Department of Educational Psychology; 
Diversity of Alberta, Edmonton, 7, Alberta, 
anada, 


(1964) varied the number of learning trials 
and low-arousal PAs as well as 
the spacing between trials prior to a test 
of recall 1 wk. later. The intention was 
to determine the effect of either a second 
learning trial or an interference trial, 
following the first learning trial, upon per- 
formance by introducing it at different 
stages of the consolidation period and thus 
shedding some light on the duration of that 
period. The interference trial was com- 
posed of the same words used in the first 
trial but paired with different numbers. 
Tarte expected repetition to interfere 
decreasingly with recall performance, reach- 
ing a plateau between 20 and 45 min. In- 
hibition of recall following an interference 
trial was expected to increase to a plateau 


between the same intertrial intervals. 
onfused rather 


Results of this study c 
than clarified the problem under investi- 
gation. Unpredicted increases and de- 
creases in recall for all conditions occurred. 
The repetition bias did not materialize in 
the way predicted from earlier studies. 

High-arousal recall after two learning 
decreased as the spacing between 
Performance decreased to 
a plateau between the intervals of 6 min. 
and 45 min. Contrary to prediction, high- 
arousal recall after one learning trial plus a 
spaced interference trial did not decrease 
to a plateau between the intertrial intervals 
of 20 min and 45 min. High-arousal recall 
actually decreased between these intervals. 
The results were generally quite unlawful 
far as consolidation theory is concerned. 
Tarte’s (1964) study employed a reten- 


for high- 


trials 
trials increased. 


as 
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d 


tion interval of 1 wk. in all conditions so 
that the validity of the repetition bias was 
not completely tested. The question 
remains as to whether data will support 
the implication of a positive linear rela- 
tionship between the number of learning 
trials and the "degree of temporary in- 
hibition [p. 113]" referred to by Walker 
(1958) as resulting from the repetition 
bias in short-term recall of high-arousal 
material. The idea of repetition failing 
to increase recall performance contradicts 
most available data; however, the action 
decrement theory remains to be adequately 
tested in this regard. If, in fact, the rela- 
tionship between inhibition of recall and 
number of learning trials is not linear for 
high-arousal material, other questions arise 
such as how many learning trials produce 
optimal short-term recall and what factors 
are responsible for any departures from the 
action decrement theory. 

Previous research has shown that arousal 
inhibits recall when it is tested 2 min. 
after one learning trial begins; however, 
the effect of multiple massed trials has not 
been studied. According to Walker's, 
action decrement theory, massed learning 
trials should increase perseveration and 
reverberation of the memory trace, thus 
inhibiting immediate recall. The purpose 
of this study is to investigate this hypoth- 
esis by examining the interaction of arousal 
and number of learning trials on a test of 


short-term recall of low- and high-arousal 
PAs. 
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EXPERIMENT | 
Method 


Subjects.—The Ss were 48 unpaid volunteers from 
educational psychology courses at the University 
of Houston. 

Materials.—The learning materials consisted 
of two lists of PAs (cf. Walker & Tarte, 1963). 
These were eight high-arousal words (Kiss, RAPE, 
VOMIT, SLUT, EMBRACE, MONEY, PASSION, SEX) and 
eight low-arousal words (PENCIL, CARROT, BERRY, 
WALK, FLOWER, POND, WHITE, GLASS). Single 
digits (ranging from 2 to 9) were randomly assigned 
as the response terms in each list. Color slides were 
employed to separate arousal effects between 
— of the PAs (cf. Kleinsmith & Kaplan, 


Design.—The study used a 2x 3 independent 
groups factorial design. The factors were (a) a 
high- and low-arousal list of eight PAs each and 
(b) one, two, or three learning trials, 
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Fic. 1. Mean recall scores for low- and high-arousal 


PAs over learning trials. 


variable was the number of PAs correctly recalled 
on an immediate test of retention. The Ss were 
randomly assigned to one of the six experimental 
groups. The eight Ss in each group learned a 
different order of presentation of the words for both 
lists. To control for serial position effects, each 
word appeared once in each position in each list. 
The Ss saw the same list order for one, two, or three 
trials during learning, while all Ss saw a different 
list order for recall. Recall lists were varied in the 
same way as learning lists to control for serial 
position. 

Procedure.—The learning and recall procedure was 
similar to that used by Kleinsmith and Kaplan 
(1963). The Ss were given either one, two, or three 
continuous learning trials with high- or low-arousal 
lists which were presented by means of a slide 
projector with an exposure time of 5 sec. Individual 
Ss first saw the word alone, then paired with à 
single digit response. Interpolated color naming 
(two slides) was used to separate the arousal effects 
of each pair in the list. The S was told to "concen- 
trate carefully on calling out the word number 
pairs and naming the colors" but was not specili- 
cally told that he would be tested for recall. 

On a test of immediate recall, S was asked to 
recall the missing number for each stimulus word 
as it was presented. An exposure time of 5 sec. 
and interpolated color naming were used as before. 


Results 


Figure 1 shows the mean recall scores 
for the low- and high-arousal PAs over the 
trial conditions. Although the recall © 
low-arousal PAs after one trial was greater 
than the recall of high-arousal PAs, as 
consolidation theory predicts, the differ- 
ence was not significant. The situation 
was reversed after two and three trials, 
showing that if greater perseveration of the 
memory trace resulted from additional 
trials it did not increasingly inhibit short- 
term recall. Contrary to the repetition 
bias, high-arousal recall scores increasec 
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TABLE 1 
SED COMPARISONS 
RECALL 


FOR 
No. Hypothesis 114) 
1 HA, 1T+ > HA, IT 1-19* 
2 HA,2T > HA, 1T+ .91 
3 LAE = LA, ITT 1/95 
A LA, 2T >h 1.45 
$ l T 2m 2.80* 
6 I i ie 141 
7 I dq 1.38 
8 I qox 2.90* 
9 LA,2T > —.37 
10 HAIT = 91 
EIAS e EE = sow arousal, 1T = one 
27 ips s interpolated color naming. 


The validity of this interpretation cannot 
be tested in the present study because the 
effects of passage of time and repetition in 
the learning trials are confounded. Conse- 
quently, a second study attempted to solve 


this problem. 
EXPERIMENT lI 

attempted to isolate the 
and repetition of the stimu- 
context of multiple learning 
trials in an attempt to determine whether 
the additional time for consolidation of 
the memory trace after one learning trial 
or the repetition of the stimulus over two 
as the most significant 


This study 
effects of time 
lus within the 


learning trials W 
component of the interaction of arousal 
trials found in Exp. I. Be 


and learning 
cause arousa 
two trials in I 
one and two trials in Exp. lH- 

The hypotheses to be tested in Exp. I 
are listed in Table 1. 

If according to consolidation theory 


the passage of time rather than repetition 
of the learning material interacts with 
to facilitate recall, then longer 
ods should favor high-arousal 
recall and vice 
(Hypotheses 


| had its greatest effect after 
Exp. I, it was decided to use 


arousal 
learning peri 
recall over 
versa for 
1,5, 6,7 
If repetition of the 
than the time taken 
increased trials can be expected to produce 
an increase in recall for both high- and 
low-arousal lists (Hypotheses 2, 4, 8, Q 
If, in contrast to high-arousal material, 
material is subject to normal 


low-arousal 
immediate recall 


10). 


list is more critical 
in learning, then 


lo w-arousal 
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TABLE 2 


Mean PA RECALL IN PERCENTAGES FOR AROUSAL 
X LEARNING TRIAL CONDITIONS 


1 Trial 1 Trial + 


a] 
2 | 
Note.—LA = low arousal, HA = high arousal, + = inter- 
polated color naming. 


2 Trials 


LA | 


| 
| 

HA HA | LA | Ha 
234 | 14 23.4 | 21.8 | 29.6 


| 
| 
| 
[^5 
E 


forgetting over time, then interpolated 
activity between learning and recall should 
inhibit recall performance (Hypotheses 3, 
4). 


Method 


Subjects—The Ss were 48 unpaid volunteers from 
educational psychology courses at the University 
of Houston. 

Materials.—Materials were the same as those 
used in Exp. I except that additional color slides 
were used for the interpolated activity of color 
naming. 

Design—A modified 2 x 2 independent groups 
factorial design was used. The factors were (a) 
low- and high-arousal lists of PAs and (b) one or 
two learning trials. Two control groups were also 
used. One control group learned the high-arousal 
list for one trial, then named color slides for 23 min. 
while the other group did the same for the low- 
arousal list. 'The assignment of Ss to groups and 
the presentation of lists were the same as Exp. I. 

Procedure.—The procedure was the same as in 
Exp. I, except that the two control groups named 
colors after one learning trial until the same amount 
of time had elapsed as was taken for two learning 
trials (5 min.). 


Results 


An analysis of variance for the effect of 
arousal and trials upon PA recall produced 
à significant main effect for trials, F (1, 
28) = 4.6, p < 05, and a significant inter- 
action between arousal and trials, F (1, 
28) = 7.0, p < 05. This indicates the 
possibility of the time taken by two trials 
as sufficient to produce the change in the 
direction of the arousal effect seen in Exp. I. 

Table 2 compares the mean recall scores 
for low- and high-arousal lists of PAs 
after one trial, one trial plus color naming, 
and two trials, while Table 1 shows the 
results of the planned comparisons ex- 
pressed in earlier hypotheses, 

As predicted, low-arousal recall was 


greater high-arousal recall 


at one trial, 
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while the reverse tended to be true at one 
trial plus color naming. Holding the 
arousal conditions constant and increasing 
the retention interval produced the char- 
acteristic interaction reported by Klein- 
smith and Kaplan (1963). The additional 
time taken for color naming may have 
produced forgetting of the low-arousal 
list and consolidation of the memory trace 
for the high-arousal material. After two 
learning trials recall of the high-arousal 
material improved significantly, whereas 
there was slight drop in the recall of low- 
arousal material. Recall of both low- and 
high-arousal lists at two trials was superior 
to their recall at one trial plus color naming + 
however, the differences were not statis- 
tically significant. 

Contrary to expectation, low-arousal 
recall was lower after two trials than after 
one, although higher than after one trial 
plus color naming. This suggests that the 
additional learning trial was unable to 
offset the retention loss occurring after one 
trial. Apparently the facilitation of reten- 
tion from the extra trial was less than the 
retention loss shown in the one-trial-plus- 
color-naming condition due to the passage 
time. 

Low-arousal recall after one trial plus 
color naming was significantly less than 
after one trial. As predicted, the passage 
of time facilitated the forgetting of low- 
arousal material. 

High-arousal recall after two trials was 
significantly greater than after one trial. 
Whether it was the extra time or repetition 
of the list provided by the second trial 
that was responsible for the improved 
performance can be determined by conr 
paring high-arousal recall after one trial 
plus color naming and after two trials- 
The lack of a significant difference sug- 
gests, once again, that the passage of time 
after one trial rather than the repetition 
of the list was the critical factor. This 
interpretation is supported by the signifi- 
cant difference between high-arousal recal 
at one trial and one trial plus color naming: 

As in Exp. I, the serial position of items 
on learning and recall lists did not appear 
to be associated with systematic changes 
in arousal or the number of trials. 
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DISCUSSION 


The significantly greater recall of low- 
arousal material in comparison to high- 
arousal recall after one trial and the fact that, 
pom _ after one trial plus 
E potai on were was a trend for high- 

ousal recall to be greater than low-arousal 
recall support the importance of the passage 
of time during learning as the crucial factor 
affecting high-arousal recall. 

M he fact that high-arousal recall after two 
trials was significantly greater than after one 
trial argues against the action decrement 
theory, According to the theory, an extra 
trial should increase perseveration of the 
memory trace resulting in inhibition of short- 
term memory. Paradoxically, low-arousal 
recall over the same condition behaved in a 
Way expected of high-arousal recall. The 
failure of low-arousal recall to increase with 
trials is difficult to explain unless it was a 
result of experimental error made more 
Critical by small cell size in each condition. 

The increase in high-arousal recall with 
extra learning trials seems to be a stable result, 
in that it occurred in both studies. This 
argues strongly against the repetition bias. 

The failure to find a significant difference 
between high-arousal recall after one trial 
plus interpolation and two trials suggests that 
extra time is the most important reason why 
high arousal after two trials is greater than 
after one. Perhaps one presentation of the 
list creates optimal reverberation so that 
additional presentations of the list do not 
significantly affect the reverberation process. 
This suggests a type of overflow or safety- 
valve mechanism. The significantly greater 
recall of high-arousal material after one trial 
plus interpolation. than after one trial also 
Doints to the importance of time. 

The fact that low-arousal recall after one 
trial was significantly greater than after one 
trial plus interpolation confirms the hypothesis 
of low-arousal material being subject to normal 
forgetting over time. um 

The failure to find a significant difference 
between low-arousal recall after one trial plus 
interpolation and two trials is a problem for the 
theory of the differential effect of time upon 
arousal; however, there was a trend in this 
direction. Once again, the unpredicted be- 
havior of low-arousal recall makes interpreta- 
tion of high-arousal recall performance more 
tentative. 

Evidence from this study is equivocal as 
zu as consolidation theory is concerned. ee 
Sults argue strongly against simple operational- 


ization of the action decrement theory. The 
repetition bias failed to appear. Additional 
learning trials actually increased high-arousal 
recall. The findings were compatible with an 
interpretation of time as the critical variable 
in the arousal-trials interaction. The failure 
of the second trial to significantly increase high- 
arousal recall over high-arousal recall for one 


tria plus interpolation suggests that the 
additional learning trial is primarily an 
extension of the retention interval which 


permits increased consolidation of the memory 
trace. To this extent the data support the 
notion of consolidation over time. 

In view of the above findings, time seems to 
be the most likely explanation for the inter- 
actions between arousal and trials. If time is 
the critical variable for arousal in these two 
experiments, then the obtained interactions 
are compatible with those obtained by other 
Es. However, the slight differences between 
high- and low-arousal recall in Exp. I after 
one trial and after two trials in Exp. II, as well 
as the absence of a main arousal effect in both 
studies, make these interactions suspect inspite 
of the fact that differences were in the direc- 
tions predicted by consolidation theory. 
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IMAGERY AND FREQUENCY PROCESSES IN VERBAL 


DISCRIMINATION LEARNING ! 


EDWARD J. ROWE? 


University of Western Ontario 


Three experiments are reported in which the relationship between word imagery 
and situational frequency was investigated in verbal discrimination learning 
(VDL). In Exp. I, Ss learned a mixed list of high-imagery (High-7) or low- 
imagery (Low-/) pairs under either instructions to repeat the right (R) item of 
each pair aloud more frequently than the wrong (W) item, or uninstructed con- 
ditions. In Exp. II, lists in which the R or the W items were repeated in dif- 
ferent pairs were learned under an imagery instruction or control condition. 
The third experiment compared repeated-right and repeated-wrong list condi- 
tions asa function of the J value of pairs. The results showed that imagery and 
frequency factors have independent and additive effects in VDL. The effect of 
imagery, viewed as lying outside the scope of existing frequency theory, was in- 
terpreted in terms of a differential encoding response to the R and W items of a 


pair. 


In verbal discrimination learning (VDL), 
S is typically required to learn which mem- 
ber of each pair of presented verbal items 
has been designated as "correct" by E, 
Among existing theories of VDL, the most 
comprehensive is frequency theory (Ek- 
strand, Wallace, & Underwood, 1966), 
Which accounts for correct discrimination 
performance on the basis of the differential 
frequency acquired by right (R) and wrong 
(W) items of each pair with repeated ex- 
posure to the list. Several kinds of *'re- 
sponses,” i.e., perceptual, pronunciation, 
and associative, are assumed to contribute 
to the frequency of both R and W items 
during list learning. lt is further assumed 
that Ss implicitly rehearse the R items, 
which thereby acquire a higher frequency 


! This report is based on a dissertation submitted 
to the Faculty of Graduate Studies, University of 
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debted to Allan Paivio for his suggestions and advice 
as dissertation supervisor, The research was sup- 
ported by grants to Allan Paivio from the National 
Research Council of Canada and the University of 
Western Ontario Research Fund. During the term 
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than the W items, thus producing the cue 
for discrimination. 

There can be little doubt that situational 
word frequency is a powerful determinant 
of VDL performance. Studies in which 
frequency has been experimentally manip- 
ulated by repetition of R and W items in 
different pairs within the list (Ekstrand 
et al., 1966; Underwood & Freund, 1969), 
prior free learning or familiarization trials 
(Lovelace, 1969; Underwood & Freund, 
1968), interpair associative similarity (Ek- 
strand et al., 1966; Fulkerson & Kausler, 
1969), and instructions to overtly rehearse 
the R items (Rowe & Paivio, 1971a; 
Underwood & Freund, 1968) have almost 
without exception supported this position. 

On the other hand, it has become clear 
that frequency is but one of a number of 
word attributes which may affect VDL. 
This is apparent from the results of several 
studies, including those in which respond- 
ing on the basis of a frequency cue has been 
obviated by the experimental design. For 
example, Kausler and Boka (1968) ex- 
amined learning of a double function list; 
where each R item appeared as a W item 
elsewhere in the list, and vice versa. This 
condition markedly depressed performance: 
but the fact that a double function list 
could be learned, albeit with difficulty; 
shows that a discrimination can be made 
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per ee eae 

The Wette of ma * gee 
which may be used : i idi E pen 
of, aie fun "es bs addition to, or in lieu 
some sai dera E be eund 
relative importan a ae i m 
— i a a Erie eei of 
Rowe and Pai ji D e po E 
E erue bd » io (1971b) examined the 
oh C iveness of rated imagery (I), 
Se equam. and associa- 
thas eg = hex and found 
sistent effect eos Hi uel = peo 
easier to learn the ; i "E ke M 

a aan Low-/. In addition, 
e ee ofa pastexperimental question- 
: nvestigated Ss’ use of four 
Fire of learning strategies (Rowe & 
Paivio, 1971b) suggested that strategies 
involving the formal characteristics of pair 
members were used less frequently than 
verbal associative, imagery, and repetition 
(frequency) strategies, indicating that or- 
thographic attributes are less important 
than the other three. Furthermore, im- 
agery strategies were used predominantly 
with High-/ pairs, while repetition was 
reported more often for Low-/ pairs. 

The results of these and other experi- 
ments isolate the imagery attribute as de- 
Serving further experimental attention, 
especially with a view to determining its 
relationship to situational frequency. Re- 
search on the effects of instructional sets 
in VDL (Rowe & Paivio, 1971a) has 
demonstrated that instructions to form a 
referential image to each of the R words in 
a list is superior to a repetition (frequency) 
instruction that requires S to repeat each 
R item aloud more often than the W item. 
This suggests that imagery May be a more 
effective variable than frequency, at least 
in some cases, but the relationship between 
the two can best be determined by con- 
trasting them factorially in representative 
experimental situations. This was at- 
tempted in the present study. 

The influence of a number of different 
Word attributes on VDL is not necessarily 
incompatible with frequency theory, which 
'S concerned with the effects of one par- 
ticular attribute, situational frequency- It 


has been suggested, however, that even 
though other attributes may affect perfor- 
mance, ‘‘a frequency differential is a domi- 
nant [present author's italics] attribute in 
learning the usual VD task; when this 
attribute fails to serve as a discriminative 
cue, other attributes will become dominant 
(Underwood & Freund, 1970, Lp. 285]." 
This position seems somewhat extreme. 
Why must it be required that the fre- 
quency attribute fail to serve a discrimina- 
tive function before other attributes can 
be effective, or "dominant"? Or, from the 
present point of view, why must frequency 
be an ineffective attribute in the case of 
High-/ words before imaginal coding mech- 
anisms can come into play? It is just as 
reasonable to assume instead that fre- 
quency cues can be utilized in situations 
where other cues are inefficient or inappro- 
priate, but, at the same time, these other 
cues may oftentimes be effective and indeed 
preferred even when discrimination on the 
basis of frequency is still possible. 

The experiments reported here constitute 
an investigation of the roles of imagery and 


frequency attributes in VDL. These were 
operations which 


manipulated via defining 
are known to affect performance, viz., im- 
agery instructions and the relative Z value 
of the items in the case of imagery, and 
repetition instructions and within-list repe- 
tition of R and W items in the case of 
frequency. The relationship between the 
two was examined by comparing learning 
of High-/ and Low-/ pairs as à function 
of repetition instructions (Exp. D, by 
comparing repeated-W versus repeated- 

item conditions as à function of imagery 
instructions (Exp. ID), and by comparing 
repeated-W versus repeated-R conditions 
as a function of the 7 value of pairs (Exp. 


III). 
EXPERIMENT I 


The purpose of Exp. I was to determine 
whether / is an effective attribute in VDL 
even when use of a frequency cue is en- 
couraged by E. The frequency cue was 
provided by having Ss make extra overt 
junciations of the R items in a list of 


prot 
If frequency is 


High-Z and Low-/ pairs. 


atl 


142 


the "dominant" cue in VDL, or at least if 
frequency predominates over imagery as a 
learning strategy, then the differential ease 
of learning High-/ and Low-7 pairs should 
be reduced under repetition instructions. 
Frequency theory would therefore predict 
an interaction between instruction and im- 
agery level of pairs, such that the diff- 
ference between High-/ and Low-/ pairs 
is less for the repetition group than for the 
control. 


Method. 


Subjects.—The Ss were 32 introductory psy- 
chology students at the University of Western 
Ontario who participated as part of a course re- 
quirement. None had served in previous VDL 
experiments. The Ss were assigned. in rotation to 
the Repetition and the Control conditions. 

Lists.—Sixty-four, two- and three-syllable words 
four to eight letters in length were selected from the 
Paivio, Yuille, and Madigan (1968) norms. Half of 
the words had J values above 6.06 (High-7), and 
the remainder had 7 values below 3.61 (Low-7). All 
of the words had F values greater than 39 per million 
by the Thorndike-Lorge G count. Two sets of 
16 High-7 and 16 Low-7 pairs were constructed by 
a random procedure, and these were combined to 
form two separate 32-pair mixed lists. 

Procedure.—The Ss were tested individually using 
a memory drum. A study-test procedure was em- 
ployed, with the pairs being presented at a 5-sec. 
rate. The intertrial interval was 5 sec. 
study trial, one randomly 
pair was underlined and | 
aloud. Pronunciation wa: 
S attended to both items. The Ss in the Repetition 
condition were told to repeat the underlined word 
aloud three additional times (cf. Rowe & Paivio, 
1971a) and that this should help them remember 
What the correct word was on the test tri, 
were reminded to keep using 
ginning of Trials 2 and a 
mnemonic instructions, 
underlining was absent 
each pair th: 


On each 
selected member of each 
S pronounced each word 
s required to ensure that 


Four 
of the 32 pairs were used. 


Su & for the spatial position of R and 
W items was carried out such that for any given 


study or test trial Subsequent to the initial presenta- 
Hon, item position for half of the pairs was changed 
from the preceding trial, but with the items of any 
given pair changing position an equal number of 
times (four) across all four orders. The R and W 
items occurred equally often in the left and right 
positions for each presentation of the list. Half of 
the Ss in each group received one set of pairs, and 
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the remainder the other set. Also, within each of 
these groups, half of the Ss had one member ue 
pair correct, while for the remaining Ss the other 
word was correct. 


Results and Discussion 


Two separate analyses of variance were 
performed on the data for each of the three 
reported experiments, one based on the 
number of correct responses and the other 
using the number correct minus the number 
of errors obtained by each S. The latter 
is the traditional correction for guessing 
and was used to obtain a relatively un- 
contaminated estimate of S's discrimination 
ability. The Ss were encouraged to guess 
when uncertain of the correct response, and 
the number of omission errors was less 
than .5% of the total responses in each 
experiment, so the correction seems justi- 
fied. In any event, parallel results were 
obtained with the two sets of analyses, and 
only the corrected data will be reported 
here. f 

An analysis of variance with instruction, 
imagery, and trials as factors produced 
significant effects of instruction, X (1, 30 
= 6.27, p < .05; imagery, F (1, 30) = 
36.61, p < .001; and trials, F (3, 30) = 
36.09, p < .001. None of the interactions 
were significant. Collapsed across trials, 
the results are presented in terms of pre- 
portion correct in Table 1. It is clear that 
while repetition facilitated overall perfor- 
mance, the effect of J was equally strong 
in both instruction groups. Since the 1m 
agery factor involved repeated measures: 
it was necessary to determine whether the 
data of Table 1 conformed to an additivi 
model before calculating œ? (Vaughan 9 
Corballis, 1969). Tukey's test (Myers, 
1966, pp. 166-169) indicated that the addi- 
tive model is applicable, F (1, 30) — 2.46, 
P « .10, and calculation of w? showed that 
the instruction factor accounted for 4170 
of the total variance while imagery 4€ 
counted for 32%. . 

An interaction between repetition H7 
struction and imagery value of pairs i! 
VDL, predicted on the basis of frequency 
theory, was not obtained. The results i” 
dicate that the effects of imagery and fre- 
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TABLE 1 


Mean PROPORTION CORRECT IN VERBAL 
DISCRIMINATION | 


Frequency cond. —-—— ————————ÁÓÓ 
High Low 
Exp.I 
Repetition ins i 
struct .8t 
Control BR: 45 $ 
E Exp. II 
SR .96 30 
SW .88 72 
Exp. II 
SR .81 .58 
SW 50 32 


note High nd low imagery conditions refer to High-/ and 
Low-I pairs in Exp, I and TT, and to imagery instructions versus 
instructions in Exp. I. 


quency are independent, and therefore 
constitute evidence against a general domi- 
Nance of frequency cues in VDL. While 
the frequency attribute may override other 
item characteristics in certain situations, 
this was clearly not so in the present case, 
despite the fact that Ss were instructed to 
use differences in situational frequency as 
à response cue. On the other hand, the 
findings concur with previous results (e.g. 
Rowe & Paivio, 1971b) in showing the 
effectiveness of Z as an attribute in VDL. 


EXPERIMENT ll 
at instructing Ss 


Experiment 1 showed th 3 
ney) strategy in 


to use a repetition (frequer 
learning a VDL list did not affect the 
relative ease of learning High-J as opposed 
to Low-/ pairs, which presumably reflects 
à differential use of imagery for the two 
pair types. In Exp. ll, it was asked 
Whether the spontaneous use of frequency 
Cues as a response strategy would be 
affected by instructions to use imagery. 
The design involved the comparison of an 
imagery instruction with an uninstructed 
Control condition as a function of the rela- 
tive availability of frequency cues. Fre- 
quency was manipulated by the within-list 


repetition of either R or W items (Ekstrand 
et al., 1966). Repeating the R items in 
different pairs presumably enhances the 
use of frequency cues, whereas repetition 
of W items acts to offset or retard the 
frequency difference which normally occurs 
between the items of each pair. 


Method 


Subjects.—Sixty-four Ss, selected from the same 
pool as in Exp. ], were assigned in rotation to the 
four conditions generated by the factorial combina- 
tion of two levels of list and two levels of instruction. 

Lists.—Two separate 32-pair lists were con- 
structed by a random pairing procedure from a 
sample of 64 High-7 words selected from the Paivio 
et al. (1968) norms. These items had the same 
characteristics as described for the High-7 words in 
Exp. I. Each R item in the two lists occurred twice, 
each time paired with a different W item, to produce 
the same-right (SR) list condition. The two same- 
wrong (SW) lists were obtained by simply inter- 
changing the roles of the R and W items in the 
lists, with each R item becoming a W item and 
vice versa. 

Procedure.—The testing procedure was basically 
the same as in Exp. I with four study-test trials 
being given. The Ss in the imagery instruction 
condition were given the single image instruction 
used by Rowe and Paivio (1971a), i.c., to form an 
image to the R word of each word on the study trials. 
Control Ss received no mnemonic instructions. 


Results and. Discussion 


An analysis of variance was performed 
on the number of correct responses (cor- 
rected for guessing) with list, instruction, 
and trials as factors. Significant main 
effects of list, F (1, 60) = 9.84, p < 01; 
instruction, 7 (1, 60) = 8.30, p < .01; and 
trials, F (3, 180) = 61.55, p « .001; were 
obtained, as well as significant interactions 
of Instruction X Trials, F (3,180) — 14.03, 
p < .001, and List X Trials, F (3, 180) = 
5.15, p < 01. The interactions reflect the 
fact that the largest increase in scores 
across trials occurred for the uninstructed 
SW group. This appears due to a general 
ceiling effect for the remaining three groups, 
whose scores reached asymptote on Trial 3. 

The important finding from the present 
point of view was the absence of a List X 
Instruction interaction, indicating that the 
two factors are independent. The mean 


proportion correct for each condition is 
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shown in Table 1, where the data are col- 
lapsed across trials. The list variable ac- 
counted for 13% of the variance in these 
data, and instruction accounted for 9%, 
with the remainder attributable to experi- 
mental error. The results, however, are 
not as clear-cut as those of Exp. I with 
respect to the relationship between im- 
agery and list (frequency) effects. While 
the List X Instruction interaction did not 
approach statistical significance, the dif- 
ference between Cond. SW and SR was 
smaller for the group which received im- 
agery instructions. It could be argued 
that this disparity is an artifact of the 
overall ease of learning in the imagery in- 
Struction groups. In particular, the SR- 
Imagery Ss made very few errors, an aver- 
age of one or less on the final three trials. 
However, an analysis of variance of the 
first trial data failed to produce a significant 
List X Instruction interaction, although 
the two main effects were highly significant. 
In general, therefore, the results point to 
the conclusion that the effects of the two 
variables are independent. Further evi- 


dence for this conclusion is presented in 
Exp. III. 


EXPERIMENT III 


In this experiment, the roles of imagery 
and frequency in VDL were studied by 
comparing learning of High-Z and Low-7 
pairs as a function of SR and SW list con- 
ditions. The experiment was intended to 
add to the generality of the results of the 
previous two experiments by introducing 
the imagery and frequency manipulations 
in different combination. 


Method 


Subjects.—The Ss 
chology Students, assi, 
list conditions, 

Lists.—The 32-p 
Low-/ pairs used in 


were 32 introductory psy- 
igned in rotation to the two 


air mixed lists of High-7 and 
; E: Exp. I were modified for use in 
this experiment, "The two SR lists were formed by 
replacing the R items in half of the High-7 and 
Low-I pairs with another R item of the same type 
from elsewhere in the list, with the restriction that 
each R item occur exactly twice in different pairs. 
The SW lists were obtained by reversing the cor- 
rectness of the items in each pair of List SR 
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Procedure.—The same procedure as used in the 
preceding experiments was followed here, t that 
the presentation rate was changed to 3 s in an 
attempt to increase the difficulty of the task and 
thus eliminate the occurrence of the ceiling effect 
observed in the data of Exp. II. Learning proceeded 
for four study-test trials. 


Results and Discussion 


The analysis of variance of the corrected 
data produced significant main effects of 
list, F (1, 30) = 18.07; imagery, F (1, 30) 
= 31.86; and trials, F (3, 90) = 40.12, all 
ps < .001. The List X Trials interaction 
was also marginally significant, F (3, 90) 
= 2.92, p < .05, the result of a somewhat 
Sharper increase in correct responses over 
trials for the SW group. However, in no 
condition did the scores exhibit asymptotic 
performance. The List X Imagery inter- 
action was clearly nonsignificant, as sug- 
gested by the data of Table 1, where the 
trials factor is eliminated. These data were 
Shown to be additive by Tukey's test, P 
(1,30) = 141, p < .10, and calculation of 
«* showed that list accounted for 49% of 
the total variance while imagery accounted 
for 26%. The independence of imagery 
and frequency factors in VDL thus again 
was demonstrated in this experiment. 
These results were free from the ceiling 
effect associated with the data of the 
Previous experiment and are regarded as 
strong evidence favoring an independence 
hypothesis, 


DISCUSSION 


Imagery and frequency, as defined by the 
present operations, appear to exert independent 
effects in VDL. The previously shown results 
also provide evidence that the two processes 
are additive. This may be seen most clearly 
from Table 1. Considering the proportions for 
the appropriate conditions in each experiment 
as estimates of the operation of imagery or fre- 
quency cues, it is possible to predict the leve 
of performance when these occur jointly and 
to compare the predicted values with those 
actually obtained. Thus, in Exp. I, the estt- 
mated contribution of frequency alone is .66, 
and for imagery, .63. The addition law of 
probability predicts that the probability of oC 
currence of either or both together is .88. This 
value is somewhat higher than the .80 obtained 
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where both cues are available, but does not 


caesis omi that m effects are addi- 
data of Exp H D "Es y suggested by the 
ae (99 pn : EU Is w here the expected 
obtained aues a at ) are quite close to the 
iA I portions of .96 and St. 
nue NUN oe mennoned that in each of the 
test trial "me VDL. i quor adigan 
required to sledil, if ie ced d otis 
Erori e VERE a Hi S our alternative 
fhe © Le pe ion of the R items, imaging 
Best here a ier, and none—the one which 
qu rs en they had learned each pair 
m "em E hese data will not be presented 
E , but ‘some general „trends can be 
Tima biis o Se relative reported use 
Vene ad "wd repetition., The two together 
The wen or n 7056 of all strategies. 
Fras ve an number of pairs for which imagery 
S th ported was at least three times as great 
e imagery conditions, both when the vari- 
able involved item attributes (Exp. I and ITI) 
and instructions (Exp. 11), indicating the suc- 
cess of these manipulations in priming imaginal 
Coding. For the frequency variable, however, 
the results were less clear. Repetition was 
reported about twice as often in the instruction 
group than in the control in Exp. I, but was 
unaffected by the SR-SW list conditions in the 
remaining experiments. Further questioning 
of Ss in Exp. II and III revealed that two types 
Of repetition strategies were contained in the 
repetition reports, one based on covert re- 
hearsal of R items and the other based on the 
fact that items were repeated within the list. 
This breakdown of repetition showed that a 
Tepeated-items strategy was reportedly used 
more often for the SR lists, while rehearsal was 
used more often for the SW lists across both 
experiments, thus lending some support to the 
validity of the frequency manipulation. How- 
ever, the repeated-items strategy was used in 
More than half of the cases involving SW lists, 
Suggesting that many of the Ss attempted to 
Use a strategy based on repeated W items, 
despite the fact that this appears to have been 
an inefficient method of learning the list. 

The independence of imagery and frequency 
as processes in VDL points to the conclusion 
that the imagery effect is not explainable in 
terms of frequency theory as presently formu- 
lated (cf, Rowe & Paivio, 19712). Before 
Offering an alternative explanation, à further 
Specification of the nature of the imagery effect 
18 necessary. The results of Exp. II above, 
Along with those reported by Rowe and Paivio 
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(1971a), demonstrate that a strategy which 
involves forming a referential image to the 
R item of each pair enhances VDL. On the 
other hand, an instruction to image to both 
words together with the R image designated 
as the larger of the two is no better than an 
uninstructed control condition (Rowe & Paivio, 
1971a). This suggests that in order for an 
imagery mnemonic to work effectively in VDL, 
imaging should be restricted to only one of the 
items. The evidence involving 7 as the de- 
fining operation for imagery is also consistent 
with this position. Paivio and Rowe (1971) 
have shown that word pairs in which both 
members are High-J are learned no better than 
pairs with one High-J and one Low-I member, 
whereas both types are superior to Low-I- 
Low-/ pairs. Providing the opportunity to 
image to both members of a pair does not 
enhance performance relative to the situation 
where only one item can be imaged, but the 
presence of at least one High-Z word in each 
pair improves performance. 

These results may be explained by assuming 
that a differential encoding response (DER) to 
the R or W item of a pair, in this case an 
image, can provide the basis for a correct dis- 
crimination. If Ss consistently image to either 
the R or W member of each pair during study 
or feedback trials, this information can be used 
at the time of testing in deciding which word 
is correct. The DER produced by imagery 
in this way may be conceptualized as an ascori- 
ative "tag" which is stored with one of the 


words of the pair and is later re-elicited by the 
ide the cue for dis- 


appropriate word to provi 
crimination. This type of distinctive tagging 
is to be distinguished from the image-tagging 
notion previously proposed to account for 
superior learning of High-I pairs (Paivio & 
Rowe, 1970, 1971; Rowe & Paivio, 1971a), 
which assumed that both members of a pair 
are imaged and the image corresponding to the 
R item is tagged in some way. The evidence 
cited above favors the simpler interpretation 
involving direct associative tagging of only 
one item. 

Analogous tagging mechanisms have been 
suggested by other authors. Kausler and Boka 
(1968) demonstrated that the way in which Ss 
learn a double function list is by forming an 
R-W association for each pair and using the 
W items as discriminative tags to remember 
which words are correct. Distinctive tagging 
of R items has also been proposed to account 
for VDL under conditions of high intrapair 
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similarity (Buschke & Lenon, 1969; Kausler 
& Kollasch, 1970; Kausler & Olson, 1969). 
The theoretical distinction between discrimi- 
native tagging of items via DERs and fre- 
quency theory deserves some comment. One 
could, of course, view the higher accrual of fre- 
quency to R items as one type of differential 
encoding. However, a DER, as presently 
formulated, is seen as involving a transforma- 
tion of the initial representation for an item 
into some qualitatively different memory code. 
In addition to an image, a recoded version of 
the nominal stimulus could be a verbal label 
for a picture, a natural language mediator con- 
structed from a nonsense syllable, or a simple 
verbal associate, to name a few possibilities. 
A frequency “code,” on the other hand, is best 
viewed as involving quantitative increments of 
the initial memorial representation of an item, 
which, in the case of verbal stimuli, is probably 
acoustic in nature. Rehearsal strategies, which 
affect differential frequency accural, and en- 
coding strategies, which produce DERs, are 
probably both involved in a typical VDL task. 
The further isolation of DERs in addition to 
imagery and the teasing apart of these from 
frequency influences should contribute to a 


fuller understanding of the verbal discrimina- 
tion process. 
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ss underlying move- 
s correct and incorrect responses 
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recognition and recall measures of motor 

me variables. Increases in reinforce- 
and recall, and increases in retention 
and recall. Other findings relevant 


comparison is made, with the feedback from 
the current response matching the refer- 
ence, the response is considered correct and 
is emitted. If a successful match is not 
made and S senses an error signal, 5 will 
act in response to the error signal by either 
inhibiting any response altogether or by 
giving a new error-correcting response. An 
open-loop system sees errors as the momen- 
tary dominance of noncriterion responses 
over the criterion response, but errors in 
a closed-loop system are central and are 
related to the patterning and flow of 


behavior. 

According to Adams 
response-generating mechanism is called the 
memory trace, and it governs the selection 
of responses to be subjected to the compari- 
son process. Also specified by the theory 1S 
the development of an internal reference 
mechanism for movement. This reference 
mechanism is called the perceptual trace an 
is defined by the occurrences of response- 
produced stimuli during the learning of the 
criterion response. The strength of the 
perceptual trace grows as a positive func- 
tion of the number of times the stimuli from 
which it is developed are experienced. Sub- 
sequent feedback from a response is com- 
pared with the reference, and discrepancies 
are recognized as errors to be corrected. 
The theory is centrally concerned with the 
feedback mechanisms that are involved in 
the learning and retention process, and this 
important role for feedback has been con- 
firmed dies (Adams, Goetz, 
& Marshall, Marshall, & 


Goetz, 1972). 
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The focus of the current research is on 

the comparison between recognition and re- 
call in short-term motor memory (STM). 
According to the theory just reviewed, there 
should be a close correspondence of the 
effects of particular experimental manipu- 
lations on recognition and recall in STM M. 
This is so because the closed-loop theory 
places primary emphasis on the ability of S 
to recognize a correct movement at the time 
of test, and it is this ability that is the basis 
for his response at the time of test, whether 
that test be recognition or recall. Indeed, 
though all the studies of STMM to date 
have reported the use of a “recall” pro- 
cedure, the tasks actually required Ss to 
reproduce a prior movement which closed- 
loop theory sees as essentially a recognition 
task in that S moves until he "feels" or 
recognizes that he is correct? The hy- 
pothesized correspondence is only for situa- 
tions which do not allow the memory trace to 
operate, and this condition has been satisfied 
by nearly all the STMM studies to date. 
An example is the simple linear positioning 
response which precludes the operation of 
the memory trace in that starting position, 
path, and direction of movement (elements 
which if free to vary would be dependent 
on the memory trace in that the function of 
the memory trace is to select the response) 
are all fixed, leaving room only for the 
perceptual trace to operate. 


EXperIMen'r I 
Method 


Purpose.—The purpose of this experiment was to 
assess the role of recognition for STMM by asking 
if S can recognize a criterion movement when it is 
Presented again by discriminating it from alterna- 
tives, and if short-term motor recognition memory 
has the same dependency on number of reinforce- 
ments and duration of retention interval as STMM 
measured by recall (Adams & Dijkstra, 1966). The 
method was a two-interval, forced-choice recognition 
test to determine S's ability to discriminate move- 


ments longer or shorter than the criterion movement 
that was previously made, 


Design.—Between-Ss variables were two reinforce- 
ment conditions (one vs, six response repetitions), 
three durations of retention interval (5, 60, and 90 
* The term recall will here 
a procedure that requires th 
response. 


‘after be used to describe 
* reproduction of a prior 
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sec.), and four levels of discriminability of alterna- 
tives (45%, +10%, 415%, and +20% of coa 
terion). Within-Ss variables were testing interval 
(whether the criterion response was presented as the 
first or second alternative on the recognition test) 
and type of alternative (longer or shorter than the 
criterion movement). 

Apparatus.—The apparatus consisted of a rey 
moving slide mounted on a stainless-steel trac 2 
Attached horizontally to the slide was a handle lur 
which S moved the slide. On a second Un 
mounted above S's slide was a second slide equippe' 
with a set screw. Positioning of this second n 
determined how far S's slide travelled from the 
starting position. T 

Sujedis- There were 10 right-handed, male SS 
each of 24 groups. The Ss were fulfilling a PEU 
ment for a course in introductory psychology at 
University of Illinois. The task required a mgr 
ment from right to left and for this reason on y 
right-handed Ss were used. = i 

Procedure.—The procedure was to first present the 
criterion movement and then the two test move- 
ments, one of which was the same as the criterion 
movement. This was essentially a two-interval 
forced-choice testing procedure with the probability 
of the criterion length being presented in each inter- 
val being .50. The use of instructions designed to 
inform .$ of the random assignment of criterion 
length to each interval and to caution against the 
use of a definite response pattern (e.g., 1, 2, 1, 2, 1, 2; 
etc.) reduced the likelihood of response bias. 

There were five different criterion lengths used 
(14, 18, 22, 26, and 30 cm.). Each length was pre- 
sented with a long and short alternative, and either 
in the first or second test interval, resulting in four 
presentations of each length for a total of 20 trials 
per 5. The presentations of combinations of cri- 
terion length, long or short alternative, and test 
interval were randomly determined for each S. 

For all conditions, a 30-sec. intertrial interval 
(ITI) was used, measured from the end of S's move- 
ment on the second test trial to the beginning of the 
next criterion movement. 

The instructions described the task and empha- 
sized the random nature of the presentations of the 
criterion length on the two test trials. In addition, 
the instructions included a practice trial with a 5-sec- 
retention interval at a length not used in the study 
(24 cm. with the alternative setat +15cm.). Except 
during instructions, S was blindfolded throughout. 
The S was seated so that his right arm was directly 
in front of the slide handle at the starting position 
and so that his left arm rested on the other arm EU 
the chair. When not making a movement, S wa? 
instructed to keep his right hand in his lap. On the 
command "Grip," S grasped the handle and move a 
the slide at a moderate, deliberate speed until the 
stop was contacted. After contact was made with 
the stop, S returned his hand to his lap, leaving the 
slide in place. The slide was returned to the starting 
position by E and, after the specified retention 
interval, the two test movements were administer 
by E again giving the command "Grip" for eac 


RECOGNITION AND RECALL IN MOTOR MEMORY 


No more than 3 sec. separated the 
If six reinforcements were to 
repetitions of the criterion 
pe cent before the onset of the retention interval, 
ents Fi than 3 sec. s parating successive move- 
Fring the ter the two tests, S made his choice by 
tion E wie al aloud (e.g., "one" id, in addi- 
Be ae 3 ThE SERRDSIEE he had in his choice on a 
confident). C rom 1 (least confident) to 5 (most 
yide sed ^ onfidence ratings were i ken to pro- 
ADM Jt s qn on the s ate of S perceptual 
py AP ne Aube movement in relation to the 
Kaime eee The confidence rating, 1t 15 
Neon qeu 1971, p. 127), should vary as à 
Pus xj se success of the match between re- 
C produced, stimuli and the perceptual trace. 
yield a (Mode fhecriienipn movement should 
esignation. confidence rating than an incorrect 


test movement. 
p test movements. 
€ given, S made 


Results 


E ose bias.—The basic measure of this 
Tect PICS the proportion of responses cor- 
Bier AS i for the various treatments. In 
ece LOE this to be a valid measure, it is 
ssary to show that no differential re- 
Sponse-related bias existed among the 
Various groups. The number of times each 
S chose the first of the two test movements 
as being the same as the criterion movement 
Was entered into an analysis of variance, 
With number of reinforcements, retention 
Interval, and discriminability of alterna- 
lives as between-Ss variables. No main 
effects or interactions were significant at the 
a dn (all ps > .20), with the mean 
Bios ber of times the first movement was 
,Josen varying from 8.80 to 11.00 out of 20. 
pus there was no significant differential 
ponse-related bias associated with the 
Various treatments. 
E proportion of c 
E of the four combin : 
lves and two test intervals wer 
en ted for each S based on five observ: 
ne from each of the five lengths. These 
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rval, and discriminability of alternatives 
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analysis showed a significant effect of re- 
inforcement, F (1, 216) = 11.74; retention 
interval, F (2, 216) — 6.10; and discrimina- 
bility, F (3, 216) = 83.36, all ps < .01. Also 
significant in this analysis were effects due 
to alternatives, F (1, 216) = 6.05, p < .02; 
and the Alternatives X Test Interval inter- 
action, F (1, 216) = 4.16, p < .05. No other 
effects were significant at the .05 level. 
Inspection of Fig. 1 shows that six reinforce- 
ments are superior to one reinforcement in 
virtually all conditions, that performance 
decreases as discriminability decreases, and 
that recognition performance tends to de- 
crease as retention interval increases. The 
significant Alternatives X Test Interval in- 
teraction indicated that performance at the 
two intervals was essentially the same for 
the short alternatives but was superior at 
the first interval for the long alternatives. 
Recognition was greater for trials with long 
alternatives, P(C) = .72, than trials with 
short alternatives, P(C) — 67. 

An analysis of variance was conducted on 
criterion lengths to determine if 
there was any difference in performance 
associated with the various lengths. The 
measure for each S was the proportion of 
the four responses correct for each length. 
A significant effect was found, F (4, 864) 
= 19197, p< .01, with the mean proportion 
correct increasing with increases 1n the 
criterion length (.64, .64, .69, .13, .12, for 
each successive length, respectively). 

Confidence ratings.—hatings were incor- 
porated in this study primarily because they 
may be used to assess the quality of the 
perceptual trace and response-produced 
stimuli match that occurs at the time of 
test. The Ss should give a higher confidence 
rating for correct than for incorrect re- 
sponses because à correct response is a suc- 
cessful match, and this success is revealed 
in a feeling of greater subjective confidence. 
To assess this theoretical implication for 
ratings, à mean rating was obtained for both 
correct and incorrect responses for each S. 
To be included in this analysis, S must have 
had at least one correct and one incorrect 
This requirement excluded only 


the five 


response. 
three Ss from the analysis because of perfect 


performance. Between-Ss factors were re- 
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inforcement, retention interval, and dis- 
criminability, with correctness of the re- 
sponse as the within-Ss factor. Of the 
between-Ss factors, only discriminability 
was significant, F (3, 213) = 11.80, p <.01, 
with ratings increasing as discriminability 
increased (3.02, 3.36, 3.55, and 3.64). The 
effect of correctness was also significant 
with the mean rating for correct responses 
being 3.59, and for incorrect responses, 
3.20, F (1,213) = 146.79, p < 01. Also 
significant were the Reinforcements X Cor- 
rectness interaction, F (1, 213) = 6.58, 
p < .02; and the Discriminability X Cor- 
rectness interaction, F (3, 213) — 8.64, 
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b < .01. Table 1 presents clarifying data 
for the Reinforcement X Correctness inter- 
action and shows higher ratings for correct 
than incorrect responses, and the fact that 
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EXPERIMENT | 
Method EXPERIMENT II 
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pro Pose—The purpose of this experiment was to 
and ie data for the comparison of recall measures 
Ex, i L recognition measures that were collected in 
essentia Experiment H paralleled xp. I in the 
ial variables and design. 
Rene Varied were the number of reinforce- 
intery, pone Y and the duration of retention 
Actors (5, 60, and 90 sec.). These were between-5s 

v 5s with 20 Ss in each of the six groups. 

Exp, L ratus.— The same apparatus was use 
maj ects.—One hundred tw 
ere students were used. Of these students, 48 
Blow eruited from an introductory course in psy- 
filli Ey at the University of Illinois and were ful- 
€ a course requirement. The remainder (72) 
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were paid $1.50 for their services. There were equal 
numbers of paid and nonpaid Ss in each group. 
Procedure —The Ss were randomly assigned to a 
reinforcement-retention interval condition, read the 
instructions describing the nature of the task, and 
given a practice learn-recall sequence at a length 
not used in the experiment (24 cm.). Upon the 
command “Grip,” S grasped the handle of the slide 
and moved the slide at a moderate, deliberate speed 
until the stop was contacted. He then returned his 
hand to his lap, leaving the slide in place (E returned 
the slide to the starting position on all movements). 
If six reinforcements were given, this same procedure 
was repeated six times with no more than 3 sec. be- 
After the specified retention in- 
terval, E again said “Grip,” and S moved the 
slide, attempting to reproduce the original move- 
ment, this time with the stop removed. Algebraic 
error was recorded in millimeters. Upon completing 
the test movement, S gave a rating of his confidence 
in the accuracy of his response on a scale ranging 
from 1 through 5, with 5 being most confident and 
1 being least confident. The completion of the test 
movement marked the beginning of a 30-sec. ITI, 
which ended with Æ saying “Grip” for the learning 
of the next criterion movement. ch S received 
five such learn-recall sequences, with a different 
criterion length (14, 18, 22, 26, and 30 cm.) randomly 
ned to each sequence for each S. The Ss had 
on during the instruction period but were blind- 


folded throughout the experimental trials. 


tween repetitions. 


Results 


Absolute error.—Table 3 shows that ab- 


solute error decreased as reinforcement in- 
creased and increased with increases in 
retention interval. An analysis of variance 
found significance for the factors of rein- 
forcement and retention interval, F (1,114) 
= 3.80, p = .054; and F (2, 114) = 6.78, 
p «.01, respectively. The interaction be- 


tween the two variables was not significant. 
licate those of an earlier 


These findings rep: 
study by Adams and Dijkstra (1966). 


RROR, AND CONFIDEN 
p RETENTION IN 


nd retention interval 


No. of reinforcements à 
Measure 1 6 
a aa €— Á— ÀÀ 
5 60 90 f E - 69 | 90 
Rebraj x = 0 Tie. —293 | 82 | 1.46 
ABSolute cnet 6.85 ae 23.02 14.83 | 19.78 22.12 
Onfidence rs 18.21 ae 64 3.84 3.34 3.66 
ence rating 3.74 3.60 3. 
pec E mu i 
Notes ca. = 
Le. Retention intervals are measured in seconds. 
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TABLE 4 


G SOLUTE ERROR, AND 
MEAN ALGEBRAIC Error, AB: 3 D 
B unies RATING FOR CRITERION LENGTHS 


Criterion length 


Measure ! 
M 18 22 26 30 
gebraic error | —3.69 | —218| 24 | 03 | 9.76 
Ule era 15.60 | 2121 | 20:09 | 22,51 | 22:21 


Confidence rating 3.79 3.68 3.62 3.50 


Note.—Criterion lengths are measured in centimete e 


An analysis of variance conducted with 
the criterion lengths as a within-Ss factor 
indicated a significant positive relationship 
between the increase in criterion length and 
amount of error, F (4, 456) = 3.30, p < .02. 
As shown in Table 4, the longer the criterion 
length, the longer the error, This, too, was 
found by Adams and Dijkstra (1966). 

Algebraic error.—No significant effects 
were found for reinforcement or retention 
interval when the measure entered into 
analysis of variance was mean algebraic 
error for each S, 

In an analysis with the cr 


iterion lengths 
as a within-Ss factor 


; a significant effect was 
obtained, F (4, 456) = 5.63, p < .01, and, 


as shown in Table 4, an increasing positive 
directional bias is obtained as the criterion 
lengths increase. Also significant was the 
second-order interaction between reinforce- 
ment, retention interval, and lengths, 
F (8, 456) = 2.72, p < .01. 

Confidence ratings —An analysis of vari- 
ance on the effects of reinforcement and 
retention interval on the mean confidence 
rating for each S gave significance for re- 
tention interval only, F (2, 114) = 3.74, 
P. < .05, but inspection of Table 3 reveals 
4 nonsystematic trend, in contrast to abso- 
lute error. Other evidence of the lack of 
relation between absolute error 
fidence rating is the insignificant c 
of —. 11 obtained betwe 


€asures for 
were mean absolute er 
fidence rating. 


and con- 
orrelation 
en them (p > .05) 
each of the 120 Ss 
ror and mean con- 


Discussion 


The purpose of the research Was to test the 
general proposition of a closed-loop theory 
(Adams, 1971) that the Process underlying 
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movement is a perceptual one a E 
recognizes correct and incorrect responses : d 
they occur. Through experience, the feed i 

stimuli associated with a correct response 2 
down a perceptual trace that is the ape 
reference for the correct movement and is be 
basis for the recognition act. The strategy E 
the research was to run parallel motor o 
tion and recall experiments and then as t 
recognition and recall measures of ge 
memory are the same functions of the e 
variables. Short-term motor memory W d 
chosen as the empirical frame of reference, an : 
the common variables were amount of rene 
forcement and duration of the retention ds 
val. The measure for recall was the degree i 
accuracy in the reproduction of the anit 
response, and for recognition the measure Be 
the proportion of responses correct in a choic 

situation following learning, where the dis- 
criminability of alternatives in the choice test 
was also a variable. To obtain the proportion- 
correct measure, 5 compared each of two alter- 
natives against a perceptual trace of a criterion 
movement he had practiced earlier and then 
chose the alternative that best matched the 
criterion movement. For the recall measure, 
5 attempted to reproduce the criterion move 
ment which he had made earlier. Though the 
two measures require different behavior on E 
part of S, the closed-loop theory sees them both 
as being determined by the state of the pet 
ceptual trace at the time of test, and they both 
should be the same function of the same vart 


ables. The results tended to support the theo- 
retical assumption. 


Theoreticall 


. di 
y, the amount of practice, or T 
inforcement, i 


s postively related to the strength 
of the perceptual trace, and both the accuracy 
of recognition and of recall increased as the 
number of reinforcements increased from d 
to six. Weakening of the perceptual trace “ihe 
function of forgetting processes occurrs int E 
retention interval, and both the recognit!o 

and recall measures had a decline in accuracy 
over the interval between learning and we 
The effect for retention interval was clear fo 

absolute error in recall, but the loss for ong 
recognition measure was small and less cO? 


. 5 SE 1 
wincing even though the drop was statistically 
significant, 


E : ; he 
There is at least one possible reason why t 


retention interval effect was less for recognitio? 
than for recall. The procedures for the -— 
nition study required each S to experience eac i 
criterion length four times. Under the one 
reinforcement condition Ss actually had up t° 


e T i ee — A lie 


RECOGNITION AND RECALL IN MOTOR MEMORY 


Presentations of each length, and under the six- 
reinforcements condition Ss actually had up to 
24 presentations of each length. These addi- 
tional experiences with the criterion lengths 
could have greatly reduced the amount of for- 
getting. If Ss were actually benefitting from 
these additional repetitions of the criterion 
lengths, performance should have increased as 
trials increased and should have increased more 
for the six-reinforcements condition than for 
the one-reinforcement condition. However, an 
analysis of the proportion correct as a function 
of increasing blocks of five trials did not yield 
a significant effect for either blocks or the Re- 
inforcement X Blocks interaction (p > .05). 

, Despite the measure of success for predic- 
tions from the closed-loop theory, one should 
be cautious in uncritically accepting the theo- 
retical proposition that motor recall is funda- 
mentally a recognition process because both 
measures could be a correlate of some other 
Process, As an example, the S-R view might 
Prove valid, when recall and recognition are 
both measures of the same associative state 
but with different sensitivities (see Adams & 
Bray, 1970, pp. 387-388). Nevertheless, the 
results of the experiments encourage the hy- 
Dothesis, As future experiments view motor 
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behavior as a recognition process and find 
positive results, a supporting empirical network 
will emerge to strengthen the hypothesis and 
diminish rival ideas. This study was the first 
to view motor learning and memory in terms 
of recognition, and it represents a start toward 
the expression of a new point of view in motor 


learning. 
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EFFECT OF STIMULUS INTERVAL AND FOREPERIOD 
DURATION ON TEMPORAL SYNCHRONIZATION ! 


PAUL R. BEST, Jr., anp NEIL R. BARTLETT? 


University of Arizona 


Temporal synchronization with isochronous 


by having three Ss finger- 
foreperiod. Eleven differen 
were presented randomly. 
position, Ss) 
responses about each sign: 
foreperiod had no significant effect. 
the most important factors. 

variance of course was small 
increased, but diverged 


The importance of accurate timing for 
Skilled performance is widely accepted 
(Michon, 1967). Several investigators 
have examined timing behavior itself by 
observing Ss’ ability to synchronize motor 
movements with external stimuli (e.g., 
Bartlett & Bartlett, 1959; Dunlap, 1910; 
Michon, 1967; Woodrow, 1932). Their 
investigations were attempts to look at 
pure timing behavior with minimal con- 
founding of other tasks. 

The data of Dunlap (1910) and of 
Woodrow (1932) were collected before the 
advent of sophisticated recording appara- 
tus. Both investigators discarded the 
initial reactions of Ss as they were 
terested only in the responses after adapta- 
tion to the frequency of stimuli. They 
measured only a very few short trains of 
responses ; apparatus limitations made data 
recording very time consuming. Bartlett 
and Bartlett (1959) also allowed S to 
“follow” the stimuli before responding and 
then recorded only one response. Again, 
due to mechanical limit. 
ei MESES 

1 This paper is based on 
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, auditory stimuli was investigated 


tap to clicks immediately following a random 
t stimulus intervals ranging from .1 sec. to 4.5 
A four-factor (foreperiod, interval size, signal 
analysis of variance on the logarithms of the variances of the 
al and about the mean response indicated that 
Interval size and signal position were 
At short intervals response was random, but 
- With increasing interval s 


increasingly from randomness. 
constant error demonstrated that it too increased with increa: 


c. 


e the variance 
Analysis of the 
sing interval size. 


not able to record trains of synchronization, 
but rather were limited to one d 
per trial. Recently, however, high-epest 
electronic counter and printing units have 
been developed which permit extensive 
data collection involving attempts to 
synchronize with trains of fast-paced events. 
' Michon (1967) made a detailed and 
informative comparison of synchronization 
behavior (S attempts to synchronize his 
responses with the stimuli) with continua- 
tion behavior (S attempts to continue 
responding at the same frequency as the 
stimuli which have been discontinued). 
Michon also discarded the first several 
responses of the .Ss. 

"These studies do not address themselves 
to the question of what processes are 
involved when a human S initially attempts 
to synchronize. Is a certain minimum 
amount of time necessary to adapt to the 
stimulus frequency or are a certain mini- 
mum number of stimuli necessary ? 

It should be possible to instruct S not to 
only respond to the first of a train of 
regularly appearing stimuli, as would be 
done in a simple reaction time (RT) task, 
but to respond also to the succeeding 
stimuli, attempting to synchronize â$ 
quickly as possible. In this way something 
of the process of arriving at synchrony, O" 
at least subjective synchrony, should be 
observable. 

In order to carry out a study like the one 
suggested above, it is necessary to provide 
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FACTORS AFFECTING TEMPORAL S-R SYNCHRONIZATION 


certain conditions of certainty and un- 
ponty. lt is not desirable to confound 
AES et ee 
Which S is alerted “but bends i n an 
Uncertainty and then mov p 3 "e 
ae qae Remeron es into a condi- 
Simili — at as the train of 
em um delivered. 3 his makes it 
4 ative that the first signal come at a 
M -— somewhat uncertain. There- 
Rn reperiet ion, mist be interpolated 
iind a rie Low and the first 
BU d " PM ble enough so that 
mill seri anticipate when the first stimulus 
ve. 

SU FP literature is only indirectly 
eeu, to the present issue since it 1S 
ht à : i single or refractory reactions. 
T dien pU task, S is ; acting 
Br ne erent instructions and a different 
Sily e must be prepared to react not 
E once, but several. times in succession 
F varying paces. — The effect of FP 
"ay be entirely different under such 
Circumstances. 

In order to assess the effect of FP, it is 
Necessary to have at least one "Jong" and 
en "short" FP. The available FP 
iterature would indicate that a short FP 
Should not be longer than approximately 

or 3 sec. (e.g., Woodrow, 1932). The 
long FP, therefore, could reasonably be set 
at 6 or 7 sec. In order to keep the FPs 
Variable, a range of short FPs and one of 
ong FPs were used. 

_ The present study is 
answer the question: Ho 
to synchronize? Of interest 
cesses involved prior to the responses 
corded in previous studies. Knowledge 
of these processes should help optimize 
Skilled performance for which accurate 


Ümins:: 
ming is important. 


an attempt to 
w does S prepare 
are the pro- 


METHOD 


Subjects —Two female and one male under- 


Ereudte students were used as Ss. All three were 

ieee training at the experimental task with 

or iras not used in the study. The Ss were pat 
heir time. 

and see Ss were given an i 

A Sans as having normal hearing. 

nter, aratus.—The stimuli were generate 

stimulus interval controlled by @ 


audiometric screening 


d and the 
Hewlett- 
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Packard 3300A function generator through a set of 
Roberts 54-04 headphones. The stimuli were clearly 
audible clicks of approximately 10-msec. duration. 
The S attempted to synchronize with the series of 
stimuli by tapping his finger, with a thin piece of 
copper wire attached, on a piece of silver-plated 
aluminum. His responses were measured by a 
Hewlett-Packard 5223L electronic counter and re- 
corded by a Hewlett-Packard 5050A digital recorder. 
The error of recording was well within 1.0 msec. 

The series of stimuli were preceded by a variable 
FP which was signaled to 5 via a warning light 
(GE Miniature Bulb No. 328, 6 v.). The FP was 
determined by a Hunter Decade Interval timer 
Model 111-C, Series D. When this timer was 
switched on, the warning light flashed and the FP. 
began. When the FP ended, the FP timer automat- 
ically triggered another timer of the same type. 
‘This timer determined for how long a period the 
series of stimuli would be presented to S. 

The S's room was removed by some distance from 
E's room to prevent S from hearing the noise of the 
equipment. ‘All voice communication was via an 
intercom system. 

Procedure.—A Ss were instructed 
respond quickly to the first signal following the FP 
and also to each succeeding signal, making an 
attempt to synchronize to the best of their ability 
as soon as possible. The FP was either short (1.5-3.5 
sec.) or long (6.5-8.5 sec.). FPs in .1-sec. increments 
were selected at random within these ranges for a 
Eleven stimulus intervals were used: 
4.50 sec., 2.50 sec., 1.50 sec., 1.00 sec., .80 sec., .60 
sec., .50 sec. .40 sec., .30 sec., .20 sec., and .10 sec. 
A single trial consisted of one of these frequencies 
being preceded by one of the FPs and continuing 
long enough to record the responses of S to the first 
10 signals. The S was not aware that only the first 
10 responses were monitored; his task was to 
synchronize as long as he could hear the stimuli. 
Prior to the initiation of the FP, 5 was questioned 
over the intercom as to his readiness. One run 
isted of three warm-up trials (at frequencies 
al test trials) followed by the 
11 test frequencies presented in random order. 
The FPs for trials in a given run were always within 
the same range, ie. either short or long; precise 
duration for each was chosen from a random list 
constructed prior to each run. The intertrial 
interval was 2 min. In a given session, four runs 
were presented to S; the FP order over runs was 
ABBABAABABBAB AB, etc. One session lasted 
y 90 min. Each S sat for 1 session on 
and for a total of 10 sessions. Since 
ed of two runs of each FP range 
ch condition was 


and trained to 


given trial. 


const 
not utilized in the actu 


approximatel 
a given day : 
each session consist 
a total of 20 replications for ea 


carried out on each S. 


RESULTS 
difference in time between S's 
and the more nearly contig- 
The algebraic 


The 
response tap 


uous stimulus was measured. 
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IN. SECONDS 


SUBJECT- MEAN VARIANCE 


OOl 


e 


Fie, 1. 


sign was maintained with a negative value 
indicating an anticipatory response and a 
positive response indicating a lag. This 
difference measure constituted one error 
index. Since 20 replications were carried 
out, the 20 difference measures were 
combined into one variance measure. That 
is, the variance of the 20 responses about 
each stimulus in the train was calculated. 

The variance of error about the signal 
is made up of two additive components. 
One of these is the variance within the 
distribution of errors, i.e., variance about 
S's mean response (S-mean variance). 
The other component is the square of the 
constant error (CE?). 

A repeated-measures design was used 
with three factors (FP length, interval 
length, and signal position in the train) 
repeated for all three Ss. Analyses of 
variance on the logarithms of the total 
variance and S-mean variance were cal- 
culated. The logarithmic transformation 
was chosen because variance measures 
were used as the dependent variable. Since 
variances are distributed as chi-square, the 
resulting distribution is positively skewed. 
The log transformation has the property of 
bringing such a distribution closer to 
normality for the analyses of variance. 


4 6 8 
SIGNAL POSITION 


Subject mean variance as a function of signal position. 


+ * 4500ms 


X: 


2500ms 
1500 ms 


1000 ms 


800ms 
600ms 


500ms 


400ms 
300ms 


200ms 


When means of logarithms are discus- 
sed it should be remembered that these 
are actually geometric means of the 
antilogarithms. f 

The signal position effect was significant 
for both variances, F (9, 18) = 56.18, 
b < .01; and F (9, 18) = 151.43, p < .01, 
respectively. Another significant contribu- 
tor to the variability was interval length, 
F (10, 20) = 98.38, p < .01;and F (10, 20) 
= 141.84, p < .01, respectively. The two 
FP ranges did not produce significant 
differences. The Signal Position X Interval 
Length interaction was significant for both 
variance measures, F (90, 180) = 8.66, 
p < .01 for total variance; and F (90, 180) 
= 8.91, p < .01 for S-mean variance. 

If S responds randomly to the fast 
intervals, he will produce a rectangular 
distribution of responses. The expected 
value of the variance of a random distribu- 
tion throughout an interval is equal to the 
length of the interval in seconds squared, 
divided by 12. Therefore, the variance 
obtained experimentally can be comparet 
with this expected variance for randomness 
(cf. Brownlee, 1965). . 

The data demonstrated a clear ordering 
of variance according to interval length: 
As interval length 


increases, variance 


| 
| 
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Increases ; ; 
E. accordingly. This is evident in 
intervals Po. that alter two stimulus 
consistent na the third actual signal, 
and 300. espondidg occurs for the 200- 
the iGQ-msee 5 intervals. Responses to 
until Tessa hy usually did not begin 
after are co tig fifth signal, but all there- 
vals of ey though random. Inter- 
cast "Pep hid to 800 msec. require at 
Sistency E not four stimuli for con- 
there i At 1,000 msec. and 2,500 msec. 
th D. some leveling off apparent at the 
two ee signal while the remaining 
Variability of | continue to increase the 
The dde the responses. 
oth care cae statements are 
Means of and S-mean variance. The 
ositions As variances about Signal 
against ha “9 were calculated and plotted 
ordinate g eges length in Fig. 2; Both 
Chance Men abscissa are log scales. The 
Variance Hi a plot of the log of random 
ength. E de across the log of interval 
Very gin E data for total variance are 
increase ular. This graph illustrates the 
length ; in log variance with log interval 
4 and the increasing divergence from 
ance, . 
of Se length also produced an ordering 
Seth à ata, although not as marked as that 
the lei gi data. In Fig. 3 is illustrated 
ached that for most of the intervals S 
the "s consistent levels of responding by 
the ia stimulus. The longer the intervals 
the tected the negative CE produced, i.e. 
greater the anticipatory responses. 


true for 
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E 
ee " 
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uS Oo el 
E 
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DU -— 100ms 

7 3 &--e MEAN OF 200, 300ms 

a 4—— MEAN OF 400, 500,600ms 
4--4 MEAN OF 800, 1000ms 

2-2 MEAN OF 1500, 2500, 4500ms 


CONSTANT ERROR IN SECONDS 


4100: 
-180 
T T I eee ae 
2 4 6 8 1 
SIGNAL POSITION D 
Fic. 3. Constant error as à function 


of signal position. 


DISCUSSION 


The two FP ranges used had no differential 
effect on the error variances. The lack of 
significance of this factor is not surprising as 
the distributions of FPs in the present study 
were random. Klemmer (1957) found that 
the variance in the distribution of FPs is à 
more important factor than the length. 
mer's finding and the present finding are 
contrary to other studies, notably Woodrow 
(1914) and Woodworth (1938), which set forth 
2.0 sec. as the optimum FP for a fast D: 
The RT portion of the present study is 
obviously not à typical RT paradigm. This 


is why it was felt necessary to include 
in the study rather than 


length as a factor 

rely on findings that relate to R The 

resulting finding is that random presentation 
] there- 


e has no effect and 
asks in which FP is not 
e only one such range. 
as raised as to what 
for the initial 
Examination © 


of FPs within a rang 
fore synchronization t 
a pertinent factor may us 
Earlier the question W 
conditions are important 
processes of synchronization. 
the variance data for each of the 10 signals 
suggests that the longer the stimulus intervals 
the more repetitions required for optimum 
responding. Thus, no constant number of 
stimuli or amount of time can be specified. 
The CE data, however, indicate that three 
stimulus intervals will reduce CE to a consist- 
ent minimum for intervals up to approximately 
10 sec. The relationship of stimulus interval 
information to accuracy of synchronization is 
not à simple one, especially as the intervals 
become longer than 300 or 400 msec. ]t may 
intervals to reduce variable 


take only two 
error, but three to reduce constant error. 
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Bartlett and Bartlett (1959) found more 
variability for a response in which S had no 
time uncertainty than in a simple RT. 
We now find a further increase in variability 
when S continues making responses for which 
he has no external time uncertainty. Bartlett 
and Bartlett hypothesized that “synchroniza- 
tion errors show the variability in the central 
triggering and motor execution independent 
of any variability in the sensory processing, but 
compounded instead with the variability in 
anticipatory mechanism [p. 216]." 

The effect of interval length on synchroniza- 
tion is described basically by the same theory 
set forth by Bartlett and Bartlett (1959). 
Rapid stimuli are responded to at random due 
to a limit on the speed of Sensory registration 
and on motor frequency. The marked decrease 
in error variance for the intermediate intervals 

they reported was not found in the present 
study. The different methodologies utilized 
in the two studies may account for this. 
Whereas in the earlier study Ss synchronized 
with one stimulus (of S's choice, though usually 
the third or fourth), Ss in the present study 
attempted to react to every stimulus, event- 
ually beginning to synchronize usually by the 
third or fourth stimulus. Since they are not 
only attending to the first few stimuli but also 
are making motor Tesponses, variability is 
Increased, perhaps by a feedback mechanism as 
Suggested by Michon (1967). Increased inter- 
val length increases the variance enough in the 
present study to overcome the reduction in 
variance found by Bartlett and Bartlett for 
their intermediate intervals. The longer 
intervals produce still larger variability. This 
is a result of S's imperfect time memory, but 
there is no clear-cut delineation in the interval 
lengths as to where this memory element 
begins its effect. 

One indication of the memory element and 
its effect on synchronization is in the ratio of 
CE to the square root of the S-mean variance 
(hereafter referred to as S-mean error). 
Following Chapanis' (1951) arguments about 
relative importance of variance components, 
these data can be interpreted as meaning that 
for the most part CE, for the present study, is 
a negligible part of the total variance; CE is 
considered negligible if its ratio to S-mean 
error is less than one-third, Thus, the variable 
error (S-mean error) is the major contributor 
to the total variance, [n other words, the 
processes involved—anticipation, feedback, 
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sensory registration, ctc., contribute varia- 
ability rather than a consistent bias. There 
are some exceptions to this general finding. 
The S-mean variance and CE increase across 
signal position more for the longer intervals 
than for the shorter ones. The Signal Position 
X Interval Length interactions for these two 
error measures indicate that the longer inter- 
vals produce an increase in variance across the 
train of stimuli while the shorter intervals 
do not. 5 

The fact that CE hasa greater proportionate 
influence in these particular position „and 
interval combinations demonstrates the differ- 
ences in responding to rapid rather than slow 
stimuli. While the stimuli are presented slowly 
enough, synchronization attempts are limited 
by S's time memory which adds a consistent 
bias as well as more variability. 

This study suggests, as did Bartlett and 
Bartlett’s (1959) findings, that when an 
accurate timed response is required, it is best 
elicited by preceding it with two or fuse 
regularly appearing stimuli. If. continued 
synchronization is required, stimuli separated 
by an interval in the range from .3 to .6 sec. 
should be utilized for optimum responding. 
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riment investigated clustering and free recall when alternative 
available in the same word list. 
J to cluster items in associatively related pair: 
ciative clustering was chosen overwhelmingly. Further, 
ised as a cue for clustering, the effect was clear only 
t other nonsubjective cues. 
clustering was considerably reduced when another, 


the list 


Specifically, 
hyming 


The incidence of rhymed 
stronger, organizational 


In the mixed-list design used by Forrester 
and King (1971), it is possible that the 
presence of semantically related items on 
the list focused attention, or imposed a set, 
ard them and away from the acoustic- 


tow. 
ords. 


ally similar features of the rhyming w 
The fact that overall recall of the rhyming 
items was not significantly different from 
group of unrelated words is 


recall of a 
It should be 


consistent with this view. 
d that the semantically similar 


and rhyming items were members of dif- 
ferent and exclusive sets, e.g., STEEL, IRON, 
and GOLD versus KEY, TEA, and SHE; that 
could be clustered in 


Nevertheless, cluster- 
ing of rhyming items seems, at best, to 
reflect only weak organi ational cues; even 
in the Bousfield and Wicklund (1969) ex- 
periment, the amount, though significant, 


reiterate 


is, a particular item 
only one category. 


was small. 
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METHOD 


Subjects—The Ss were 90 introductory psy- 
chology students from the University. of Toledo. 
They were divided into three groups with 30 Ss in 
each group. 

Design and materials—The Ss in each group 
learned a 27-item (all common nouns and verbs) 
list in which 9 words were the same for all groups. 
These 9 “base” words were combined with 18 others 
in the following manner: in Group A-R (Associative- 
Rhyming), each of the 9 base words was accom- 
panied by an acoustically dissimilar word associate 
and a rhyming nonassociate. For example, one of 
these 9, 3-word sets included the base word, BUY, its 
associate, SELL, and the rhyme, Lig. It was possible, 

then, for Ss to cluster by association, rhyme, or 
both. For Group A-U (Associative-Unrelated), each 
of the base words was accompanied by the same 
word associates presented to Group A-R; but the 
rhyming items were replaced with 9 other words, un- 
related both associatively and acoustically to the 
other itemson thelist. Consequently, clustering could 
occur only by association since there were no pairs 
that rhymed. Finally, in Group R-U (Rhyming- 

Unrelated), each of the base words was accompanied 

by the same rhyming items presented to Group 

A-R. The same 9 unrelated items from Group A-U 

made up the remaining words on the list. Con- 

sequently, there were only rhyming pairs on this 
list and no items related associatively. 

Mean word frequencies for all conditions, i.e., 
associative, rhyming, and unrelated, did not differ 
significantly. The overall mean word frequency 
was 84.6 per 1.014 million as tabulated by Kučera 
and Francis (1967), Essentially, the word-associate 
pairs were bidirectionally related with a mean 
directional difference of only 12.6% (cf. Keppel & 
Strand, 1970). 

Procedure.—Each list was tape-recorded and pre- 
sented for three trials at a 3-sec. rate per word. A 
90-sec. written recall period followed each trial 
presentation. Using a procedure similar to that of 
Bousfield and Wicklund (1969), on the first trial 
each word was both pronounced and spelled; on the 
remaining two trials the words were pronounced 
only. A different random order was used for the 
three-trial presentations with the restriction that 
no two items from the same category, either associa- 
tive or rhyming, appeared in immediately adjacent 


TABLE 1 
MEAN Wonps RECALLED AS A FUNCTION 
OF TRIALS ron THREE GROUPS 


Trial 
Group 
1 2 à 
A-R 15.40 18.47 21.10 
R-U 12.10 15.17 18.10 
A-U | 13.97 17.70 19.27 


DOLINSKY 
TABLE 2 
MEAN CLU: ED  Associa1 AND RHYMING 
PAIRS AS A FUNCTION OF TRIALS FOR THREE 
Groups 
Trial 
Cond. 
1 2 3 
Associative Clustering 
Group A-R 4.100 4.700 6.133 
Group A-U 3.233 | 5.267 5.100 
Rhymed Clustering 
Group A-R -500 -900 .867 
Group R-U .833 1.633 2.367 


presentation positions. The Ss were run in sub- 
groups composed of approximately 10 individuals. 


RESULTS 


Free recall.—The mean number of words 
correctly recalled is presented in Table 1. 
It is apparent that Group A-R produced 
the best learning with Groups A-U and 
R-U following in that order. The main 
effects of both groups and trials were 
significant at the .001 level, F (2, 87) — 
10.13 and F (2, 174) = 158.87, respectively. 
The Groups X Trials interaction was not 
significant (F « 1). 

The diverse list composition among the 
groups makes any conclusions somewhat 
speculative though there were nine words 
in common for all groups, the base words; 
and recall of these items was compared. 
The mean number of base words recalled 
correctly when pooled over trials was 7.07; 
6.44, and 5.99 for Groups A-R, A-U, and 
R-U, respectively. The results of this 
analysis indicated a significant difference 
at the .01 level, F (2, 87) — 7.36; individual 
comparisons localized this effect to the 
superior recall in Group A-R over both 
Groups A-U and R-U. These latter two 
groups did not differ significantly. It 19 
well known that recall of list items 1$ 
enhanced if they appear with other relate¢ 
words. Apparently, the more bases 0 
relatedness (association and rhyme, fo! 
example) the greater the probability for 
correct recall. E 

Clustering.—The mean number of pa 
recalled in clusters is presented in Table ^ 
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Ne More specific analyses were com- 
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though present, is quite low. Again, with 
a maximum of 9 pairs possible, the best 
showing is on Trial 3 of Group R-U where 
the mean reaches only 2.37. These reliable, 
but small, occurrences of clustering are 
consistent with the results of Bousfield and 
Wicklund (1969). 

Second, clustering differences with rhymes 
existed between Groups A-R and R-U, 
F (i, 58) = 12.52, p< 0l; trials, F 
(2, 116) = 15.10, p < .01; and Groups X 
Trials, F (2, 116) = 5.84, p < .01. Speci- 
fically, clustering by rhyme was greater in 
Group R-U than in Group A-R. The 
poorer showing for the latter group suggests 
that when a stronger alternate method for 
organization is available, e.g., word as- 
sociation, Ss will use that method at the 
expense of weaker organizational cues; 
clustering by rhyme, therefore, suffers. 
Analysis of simple effects revealed an in- 
crease in rhymed clustering over trials only 
for Group R-U, m 2:116) 19.58, 
p < Ol; a similar analysis for Group 
A-R was not significant. Consistent with 
the other findings, then, it appears that 
clustering by rhyme develops only when 
there is no strong alternative. 

An attempt was made to assess the ex- 
pected values for clustering along the lines 
suggested by Bousfield and Bousfield (1966) 
though, due to the presence of unrelated 
items on the list, this analysis is only tenta- 
tive. Using the Bousfield and Bousfield 
formula for expected stimulus category 
repetitions, E(SCR), pairs were considered 
as categories consisting of two members and 
unrelated words as one-member categories. 

For example, if all 18 
items making up t 
(and only these items) are recalled, 
E(SCR) would be 1.00; as additional un- 
related items are also recalled, the maxi- 
mum E(SCR) value would drop such that 
list words are recalled, E(SCR) 

Consequently, the E(SCR) 
only general estimates and 
lerestimate the 


are 
bably somewhat unc 
e amount of organization. 
Group R-U, all items recalled per 
ised in computing E(SCR) al- 
above, the unrelated 


chance 


trial were U 
as noted 


though, 
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items were considered as one-member 
categories. Values of E(SCR) for Trials 
1-3 were .46, .50, and 51, respectively. 
The differences between observed and ex- 
pected clustering were Significant by t test 
in all cases at the .01 level indicating reliable 
clustering by rhyme. For Group A-R, a 
similar attempt was made to estimate 
E(SCR) in regard to rhyme, Rhymed 
items were considered as two-member 
categories and, for computation purposes, 
the unrhymed, associate items were treated 
like the unrelated items in Group R-U. 
Values of E(SCR) for Group A-R were 
27, .40, and .44 for Tri 
minus expected clusteri 


on Trials 2 and 3 (b « .01 and P«.02, 
respectively), though the difference on the 
first trial was not reliable, ¢ (29) = 1.49, 


Considering the earlier finding that rhymed 
clustering does 


not increase significantly 
over trials in Group A-R, the results of 
the observed minus expected comparisons 
might best be interpreted as provid- 
ing only scant evidence for the develop- 
ment of any reliable clustering by rhyme. 
Clearly, for Trial 1, the observed num- 
ber of pairings does not exceed chance 
expectations, 
Clustering by word 
ingly Significant over 
A-R and A-U, Differences between various 
associative pairs were small, though dif- 
ferent rhyming pairs showed occasionally 
quite variable effects, For example, SHOE 
and VIEW occurred together only 11 times 
while CHAIR and SHARE were clustered in 
23 instances. This considerable variation 


was also found by Bousfield and Wicklund 
(1969), though 


the present study used 
totally different pairs. 


als 1-3; observed 
ng was significant 


associates was strik- 
all trials in Groups 


Discussion 


There are several noteworthy findings in the 
present experiment, First, of course, is the 
major effect of Word association over rhyming 
as an organizational basis in a list where either 
or both types are possible, Where a list is 
composed of items Which allow alternative 
forms of organization, Le, Group A-R, the 
effectiveness of Clustering by rhyme is con- 
siderably reduced. Though the present pro- 
cedures are quite different from those used by 
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Forrester and King (1971). these last results 
are in keeping with theirs. When cannone 
evaluations are made between the observed 
and expected incidence of clustering in Group 
A-R, it appears that organization by rhyme 
may not much exceed chance expectancies 
when word-association cues are lao premi 
Certainly, rhyme is not a major organizational 
cue in the first-trial free recall of Group we. 
Consistent with the results of Bousfield and 
Wicklund (1969), however, clustering of rhym- 
ing pairs in free recall does occur posee 
though this finding appears only in word bu 
where rhyme is the only apparent /-dictated 
mode of organization, i.e., Group R-U. 

Though this study deals only with word as- 
sociation and rhyming, it seems likely that the 
issue exposed relates more to the relative ks 
fluences of strong, e.g., association, and weak, 
e.g., rhyming, organizational cues present in 
the same list. Theoretically, Ss in Group 
A-R could have used both cues for clustering 
though there was an observed decrease " 
clustering with weaker cues relative to : 
control situation (Group R-U) dn. ber 
obvious competing forms of organization did 
not exist. . 

Why the rhyming cues are weaker in Group 
A-R than in Group R-U is not clear. Possibly 
if a base word is recalled in an associative 
cluster, only one slot is left open to cluster it 
with a rhymed item. That is, if a pair is re- 
called in the order, SELL-BUY, the possibility 
of additional rhymed clustering is restricted 
to the order, BUY-LIE, The recall slot im- 
mediately before BUY has already been oc- 
cupied by the associate, SELL. On the other 
hand, in Group R-U, LIE could cluster with 
BUY in two orders, LIE-BUY, or the reverse. 
The result would be more rhymed clustering 
in Group R-U than Group A-R. e 

While this interpretation is a possibility, 
there are, however, at least two arguments 
against it. First, the present results are con- 
sistent with those of Forrester and King (1971) 
Where alternative organizations of the same 
items were not available, Second, if the orde! 
for rhymed clustering in recall is restricted ne 
Group A-R, a similar restriction would afe 
clustering by association. That is, if a pair i 
recalled in the order, LiE-BUY, the only slo 
left for associative clustering is the one Hs 
mediately following suv. If this is so, p 
sociative clustering in Group A-R should re 
less than in Group A-U where clustering cou 
occur in either order, SELL-BUY or the pe 
The present findings, however, show no d! 
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the Teo n a word can share, the greater 
Words thood for correct recall. The base 
Tw Minis: from their occurrence on the 
Dy ass SMS for all groups, also are related both 
sented r. ton and rhyme to other words pre- 
Word in Group A-R. For example, the base 
Word. Buy, might be primed either by the list 
a dee er or by another list word, SELL. Or 
nd eo it could be primed by both LIE 
Probabili: together resulting in an increased 
That DHL for recall of the base word, BUY. 
cate 1s, if the same words share various 
Ret ee oda rather than one, free 
relatio d be facilitated. However, the 
his siu PUWET free recall and clustering 1n 
A oe is not at all clear. : 
tms EATS the present experiment con- 
=. ened findings of significant but small 
eve ts of clustering 1n rhyming pairs, and, 
“en then, only when it 1s the only nonsub- 
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co tive form of organization available. It also 
orrs, using a different experimental design, 
finding of minimal, basically chance, 
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clustering of rhyming items when the list 
provides other modes of organization. With 
the present materials, clustering by word as- 
sociation is overwhelmingly preferred. And 
further, it indicates the need for investigation 
into the conditions of organized recall when 
alternative cues are available. It seems pos- 
sible, for free recall, that the facilitory role 
found in the present study when associative 
and rhyming cues are present in the same list 
might be less facilitory, and even interfering, 
if other organizational combinations are used. 
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E. R. Johnstone Training and Research 


Retardates, normals 
graders) and normals of equal mental age 
with sets of paired associ: 
number of repetitions in the res 
were by the standard antici 
taneous, and during testing all stimulus 
for free-ordered recall of the 
mance, the lower MA g 
group. Compared to t! 
redundancy material, si 
tively affected the perform 
mance of eighth graders 


of approximately e 


he anticipation 1 


ance of retari 


When all avail 


able information must be 
used to perform 


a task, then the information 
contains no redundancy, If, on the other 
hand, S requires less information than is 
available, the excess information can be 
considered redundant. Redundancy can 
be manipulated. For example, if six 
digits to be recalld are135135 the task 
is, theoretically, 50% redundant: the first 
three digits give all the information 
necessary to recall all six digits. 

When ditits are 50% redundant, recall 
performance of educable mental retardates 
indicates that they do not readily recog- 
nize the presence of redundancy on initial 
presentation (Spitz, Goettler, & Webreck, 
1972). However, when the redundancy is 
made salient, their performance improves 
markedly. With repeated presentations of 
digits which are 5076 redundant, retardates 


! For a: ance in obtaining normal Ss, I am most 
grateful to Samue] Kaltovich, Principal of Roebling 
Public School No. 5, and to Sister Patricia, Princi- 
pal of St. Raphael's School in Hamilton Township, 
New Jersey. I thank Barbara Swiderski for prepar- 
ing the stimuli, ang members of the Johnstone Re- 
search Department for critical reading of the manu- 
script. D am indebted to John J. Winters, Jr., for 
alerting me to the free-ordered recall method, and for 
suggesting that order of recall be recorded. 

* Requests for reprints should be sent to Herman 
H. Spitz, Director of Research, Edward R. John- 


stone Training and Research Center Bordentown 
New Jersey 08505. » : 
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ates which differed in redundancy 
ponse terms. In Exp. I, pres 
pation method. In Ex 


response terms. 
roups required more redur 


multaneous present 


; and had no effect on th 


Center, Bordentown, New Jersey 


qual chronological 


age (CA) (eighth 
(MA) (third grade 


rs) were presented 
level by varying the 
entation and testing 
P. II, presentation was simul- 
were presented simultaneously 
To achieve near perfect perfor- 
ndancy than the higher MA 
, and particularly on the low 
ation and free-ordered recall nega- 
dates, positively affected the perfor- 
ird graders. 


term 


nethod 


discover and utilize redundancy, as reflected 
in improved performance (Spitz & We 
reck, in press). 

In paired-associ 
evidence (e.g., B 
that retard 
of second 


ate learning, there 
aumeister & Kellas, 197 a 
ates do not make effective d 
ary, redundant cues which Re- 
contained in the Stimulus terms. lv 
tardates behave more like normals on!) 
when their attention is directed to the 
relevant stimulus dimension. Brown (1970) 
has shown that in an oddity learning task: 
increasing the number of identical (redund- 
ant) cues improves retardates’ performance 
to the level of equal chronological age (CA) 
normals who were not given the redundant 
cues. Making the odd cue redundant (e.g 
by making it odd with respect to color 4° 
well as form) had the same facilitativ€ 
effect. ; 
In sum, there is evidence that in learning 
tasks, but not in certain perceptual recog” 
tion tasks (Spitz & Borland, 1971), eva 
of redundancy and mental retardatie 
interact. When redundancy is low lar 
unemphasized, retardates have particu " 
difficulty in recognizing and utilizing dé 
However, when redundancy is high or ma » 
salient, and/or when retardates have su " 
cient experience with a particular type ae 
level of redundancy, their performan 
improves considerably, 
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ge s of value to find, on particular 
Eum s peeraa level of redundancy 
s Sépesates the performance of re- 
pue from normals. To accomplish 
ES E puired-associate paradigm was 
E. pted from Bower (1962). It permits 
ae - of redundancy by varying 
E ed T o response alternatives. For 
E Ue : the S-R pairs are 6 B, 7 B, 3 B, 
E. Be and 4A the response alternatives 
A E y constrained. rhe S merely has 
Ai SN that 4 is paired with A and 
an EN numbers are paired with B. In 
G oa the list is 83% redundant 
E nis he responses are redundant) and 
being s o units of information (unit 
aea here as a chunk or item of 
“bit”. The rather than as a traditional 
RAE ds rat is, S has to learn that 4 is 
Paired with A (one unit) and all the rest 


of È s 
i the numbers are paired with B. If we 
ange an additional response term from 
redundant 


B ; n 
3 to A, the list becomes 67% 
and contains three units of information. 


EXPERIMENT | 
Method 


emu eee were six paired associates at each 
Ei parredundaney levels, presented here in the order 
33 s in the single study trial: Redundancy Level 
50, 8C,3B,6B,7A,5C,4 A; Redundancy Level 
67. 7 A 4 A, 8 B, 6 B, 3 B, 5 A; Redundancy Level 
8316 B, 7 A, 4 A, 3 B, 5 B, 8 B; Redundancy Level 
ànd he 7B, 4A, 8B, 3 B, 5 B. The use of numbers 
mw letters reduced the possibility of attributing 
E ip performance differences to stimulus or re- 
Ponse familiarity. 
1 Subjects.— There were a total of 144 Ss in Exp. I. 
uus 48 retardates (16 girls, 32 boys; CA = 15.30, 
tesi = 1.55; IQ = 64, SD = 6) were from a state 
sidential institution (Johnstone). The 48 third 
Staders (24 girls, 24 boys; CA = 9.16, SD = 39; 
ID = 107, SD = 9) and the 48 eighth graders (16 
girls, 32 boys, CA = 14.22, SD = ti IQ = 107, 
tem = 9) were from a neighboring public school sys- 
admi ‘The IQs for the normals were from a group- 
fs pud California Test of Mental Maturity; 
mini he retardates IQs were from individually ad- 
Nene Wechsler Scales. In each group there 
Male 12 Ss in each of the four redundancy levels. 
wees emale ratios were equated and IQ and CA 
bitte approximately equated within each S group 
ee redundancy levels. 
Bree ere rhe Ss, te: 
ec 4 ft. from a screen 
ack projected. Lower mental age 


sted individually, sat ap- 
onto which the stimuli 
(MA) Ss 
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were pretested for reading of numbers and letters. 
If they passed the pretest, they were given inete 
tions which included a sample task in which an S-R 
pair 2 X) was displayed on an index card, followed 
immediately by the stimulus alone. À correct 
verbal response (X) assured that S understood the 
task. J 

4 ach S then received one study trial which con- 
sisted of the six paired associates at his redundancy 
level. . Each pair was exposed on the screen, one pair. 
ata time, ata 3-sec. rate, while S read them aloud. 
(After the initial study trial, Ss were not required t 
read the pairs aloud.) This was followed approxi- 
mately 7.5 sec. later by the first anticipation trial 
block, in which the stimulus alone was presented for 
3 sec. followed approximately .8 sec. later (Carousel 
a 3-sec. exposure of the S-R pair, 
six pairs of a trial block. The order 
ized over the first 5 trial 
h—if criterion had not 


change time) by 
and so on for the 
of the pairs was random 
blocks, at the end of which 
been reached—S started over again with the pairs 
trom the first trial block, and so on up to 30 trial 
blocks. The same order was maintained for all Ss in 
each redundancy level. Trial block intervals were 


7.5sec. The criterion for learning was 2 consecutive 


correct trial blocks. 
terion was not reac 
trial block. 


Testing terminated if this cri- 
hed by the end of the thirtieth 


Results and Discussion 


There were no sex differences within any 
of the groups. Analyses could be made 
using trials to criterion or using errors. 
Since nine retardates (four at 33%, three 
at 50%, and two at 67% redundancy) and 
three third graders (one at 33% and two 
at 50% redundancy) never reached criter- 
ion, it was felt that an errors analysis would 
y reflect the data. Consequently, 
e of error out of a possible 180 
paired associates (six pairs per trial block, 
30 trial blocks) was used for all analyses. 
This measure assumes that Ss who reached 
criterion would score correctly on all trials 
beyond the criterion. 

Results are shown in Fig. 1, where it can 
be seen that with one exception, there was 
a steady increase in errors as redundancy 
level decreased. Analysis of variance 
indicated that group and redundancy level 
were significant main effects (p < .005) 
t the interaction was not significant. 
Tukey (b) tests indicated that eighth 
graders performed better than retardates 
(p < -01) and third graders (p < -05); who 
did not differ from each other. Compar- 
isons at cach redundancy level showed that 


more trul 
percentag 


bu 
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FIG. 1. Performance of three groups at four re- 
dundancy levels when paired ass 


Ociates were pre- 


sented by the anticipation method, 


eighth graders performed 
better (p< -05) than retard 
graders at the 50% 
other comparisons | 
significant. 

Since there were six paired 
in each condi 


significantly 
ates and third 
redundancy level, No 
?etween S groups were 


associates 
tion, decreased errors at higher 
redundancy levels must result from Ss 
effectively using the redundancy, How 
effectively the redundancy was used by each 
&roup can be deduced by comparing per- 
formance within S groups. For the eighth 
graders, the largest difference occurred 
between the 33% and 50% redundancy 
Conditions be -005), with a ceiling effect 
limiting further improvement to a small, 
but Significant (b < .02) increment in 
performance by Ss on the 83%, redundancy 


condition Over Ss in the 67% redundancy 
Condition. For 


the Tetardates, on the 
other hand, the largest increment in 
performance OCcurred between the 67% 
and 83% redundancy Conditions (p < 02), 


and there were no Significant performance 
differences between S; ; 50% 
0r 


Sin the 33%, 
and 67% redundancy Conditions. The 
third graders were intermediate between 


at the 83% 


a x ; that is, Ss S d 
the other groups; t significantly 


redundancy level performed he 6796 
(b < .002) better than those at Scand 
level, who in turn performed signi E (b 
better than those at the 33% ques 
« .02). These results suggest that ificant 
greater redundancy to make a oe ;htly 
impact on the retardates and—to a s S an 
lesser extent—on the third graders, a 
on the eighth graders. Put another be 
in order to perform almost without M 
the lower MA groups required greate: 
redundancy than did the higher MA gronni 
In previous studies, 90%, correct perii 
mance has been used as the criterion fo 
successful information transmission (Spitz 
1972). The two to four units of information 
transmitted by retardates and normals in 
the present study are lower than the range 
usually found, and this suggests that many 
Ss did not recognize the lower leve 
redundancy, at least until later trials. 
This may have occurred due to difficulty te 
discovering the presence of mauus 
because of the Sequential nature o d 
task. If the entire set of six credenda 
presented simultaneously, the es 
might be more readily recognizec. ibility, 
ment II was designed to test this poss eale 
and also to Provide a method of revea 


anes was 
ing how effectively the redundancy wa 
utilized. 


EXPERIMENT lI 


. The anticipation method of paired-assoc- 


iate learning has the presumed advantage 
of ‘immediate feedback, but also has some 
disadvantages (Battig, 1965), On the 
other hand, if all Six pairs were to be 
presented simultaneously, Ss, while denied 
immediate feedback, would be free to 
distribute their study time in any manner 


they wished and, more importantly, to 
impose their 


Own organization on the 
stimuli (e.g, Puff & Bousfield, 1967). The 
Simultaneous method has been used in- 
frequently, 


and primarily when groups O 
Ss are tested (e.g., Wood, 1970). 

Even less used in paired-associate leat 
ing experiments is the free-ordered reca 
method for testing learning of the pairs: 
In this method, all the stimulus terms are 


" 


oe 
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Present i 
3 ed simultaneously and S is free to 


give the re 
Wishes ^ response terms in any order he 
In testing ean this method has been used 
E! 1965), ps of Ss (Mayzner & Schoen- 
he ] 
combined A simultaneous presentation 
Method of te mur He free-ordered recall 
Questions ,. sting is ideally suited to answer 
EE shed by Exp. L Will s morg 
DT A miundancy under 
am, atis Sen a tion conditions? Re- 
Suggest that er types. of learning studies 
Ousficld re they might (eg, Puff & 
taneously, 67). With all the pairs simul- 
readily presented it should be more 
ancy es a that—in the 67% redun- 
response " ition, for example—two of the 
nd with po are A's and four are B's. 
DE eco; ree-ordered recall, it would be 
Tecogniz ipe once the redundancy is 
js Ens to respond first with the two 
the ren then simply respond with B's to 
Diar peli stimuli. Of course, it 1$ 
Yet reg to recognize the redundancy and 
other pond from top to bottom (or some 
Jest Eni but this would not be the 
Which iter Consequently, the order in 
Somethi gives his responses should reveal 
mate hing about how he organizes the 
rial. 


Meth od 


sed in Exp. I were used 


T Slina a x 
“muli.—The same pairs u 
83% redundancy level 


in E 

condi; I, except that the y 

howe on was eliminated. In contrast to Exp. I, 

we, Vers the six paired associates of each condition 
in a vertical array, 


ere 
Presented simultaneously 1 
dy trial blocks. The 


le 
pie tive the other, for the stu 
upli, 9f placement of the pairs from top to bottom 
Med the sequential order of Exp. I. A new 
Stim ns Order was used for test trial blocks (in which 
er ulus terms were presented simultaneously in à 
tical array). 
Ubjects.— There were 108 new Ss in Exp. IL 36 


ach of three groups. The retardates (6 girls, 
wed CK EE = 63, SD = 7 
ag instone) 


re drawn from the same POP 1 
ers (18 girls, 


ne 


CT 

a = 8.55, SDie .21) and eighth graders (21 girls, 
boys; CA = 13.35, 5D = .38) were from a neigh- 

E ilable for 


then’ Parochial school. No IQs were pss E ins 
Je norma] Ss, but there is no reason to believe y 
liffered significantly from the normals in Exp. = 
>, © average CAs were younger than the none 2 
“xp. I because testing occurred earlier 1n the scho! 


Year, 
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Procedurc.—Pretesting was the same as in Exp. I. 
In the instructions, Ss were additionally told that 
when the numbers alone came on the screen, they 
could respond “in any order you like.” This part of 
the instructions was repeated periodically through- 
outtesting. Twelve Ss of each S group were assigned 
to each of the three conditions so that each subgroup 
was approximately equated in terms of sex and CA 
for the normals, and in terms of sex, CA, and IQ for 
the retardates. Each 5 then received for study six 
paired associates for 18 sec. (matching the 3 sec/pr 
of Exp. 1), followed by a 7.5-sec. pause (slightly less 
than the average time between feedback and antici- 
pation trial in Exp. D. This was followed by an 18- 
sec. block presentation of the six stimulus terms, 
differently randomized, with S given free recall. 
Since S could respond in any order he wished, it was 
necessary for him to say both the stimulus and the 
response. The 18-sec. free recall period was fol- 
lowed .8 sec. later by the next randomized block 
presentation of the six S-R pairs, and so on. As in 
Exp. 1, the 5 trial blocks were repeated until—1f S 
had not reached the criterion of two consecutive cor- 
rect test trials—testing stopped after 30 trial blocks. 
Responses, and the order in which they were given, 
were recorded by Æ. 


Results 


As in Exp I, no sex differences were 


hically in 


found. Results are shown grap! J 
Fig. 2 (where they are compared with 
Exp. D). Analysis of variance 


results from 
indicated th 
interaction were 


at groups, conditions, and their 
all significant (p < .001). 


Overall, eighth graders performed signif- 
icantly better than third graders, who 
performed significantly better than re- 
tardates (P < .01). Differences between 
retardates and eighth graders were signif- 
icant at each redundancy condition (P < 
.01), between retardates and third graders 
gnificant only at the 33% re- 


were si 
(p < -05), and be- 


dundancy condition ( 
tween third graders and eighth graders 


were significant at the 67% and 33% 
redundancy condition (p at least < .05). 
As in Exp. I, there were no significant 
differences within any S group between 
performance on the 50% and 67% redun- 
dancy conditions. Evidently, redundancy 
imposed by using two A’s and four B’s as 
response teams had no different effect on 
ajred-associate learning than using three 
A's and three B's. F However, for both the 
retardates and third graders, Ss in the 
50% redundancy condition performed sig- 
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RETARDATES 


EIGHTH GRADERS 4 
50 
7 
LI 
o 
a SIMULTANEOUS. 
a 
SD 
- 
z ae 
ME! en 
o c 
fe" Nscouenriat 
s UENTI a 
LI ^ 
4 
= 10 E 
LL Ia 
g 33 
67 50 33 67 50 33 67 50 
REDUNDANCY LEVEL 
Fic, 2. Performance comparisons of three groups when paired associates 
Were presented sequentially in Exp. I 


they were Presented simulta, 


nificantly better th 
33% redundancy condition (p 
X05). For the eighth graders, there were 
NO significant differences between any of 
the three redundancy conditions, 
Comparison with Exp, I—In terms of 
Overall Scores, retardates performed signif- 
icantly worse (p< -005), third graders 
Showed no Change, and eighth sraders 
performed significantly better (p< -001) 
in Exp. II than in Exp. I, The retardateg 
performance decrement was due exclusively 
to their extremely poor performance on the 
33%, redundancy condition in Exp. II 
(b < .005), neither of the other two 
conditions differing significantly from each 
other, Contrariwise, the eighth graders 
performed significantly better (p < -001) 


on the 33% redundancy conditio 


the 
at least 


n in Exp, 
l, and also 9n redundancy level 67% 
(b « :002), with no differences emerging 
on the 50% 


A redundancy condition. 
performances of the third 
i Y differen 
Exp. l on any of the 
Clusteri ng.—The 


The 
graders were not 
t in Exp. II than in 
three conditions. 


i following method of 
analyzing clustering in this task was used. 


One point was given each time a letter 
04 i d i 4 n. 7 

followed itself in S's response order, and 

only when both responses were correctly 

Paired with their @Ppropriate stimuli, 
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THIRD GRADERS 


neously wj 


(by the anticipation method) and when 
th free recall in Exp. II. 


. B save 
Consequently, the highest clustering 50% 
at each trial block in the 67% Eu pss 
conditions would be 4 (A-A — 1, B-B- 


oi SAA = 2, B-B-B = 2), and on te 
33% redundancy condition WOU pce 
À — 1: B-B 2 1; CC = 1). The per 


3 ic ck was 
centage of Clustering at each trial a pis 
the obtained Clustering divided by the 
possible Clustering. 


he pairs, if § responded 
top to bottom (or 
and was correct on all 
pairs, the average percentage of clustering 
would be 45, 45, and 0 for the 67%, 50%, 
and 33% redundancy conditions, respec- 


Figure 3 Shows that on the 67% and 50% 
redundancy conditions, all groups made 
extensive use of clustering by the final two 
criterion trials, That is, there was a 
substantial increase in the number of Ss 
Who responded with a Particular etin 
prior to giving responses containing the 


Second letter. However, on the aa 
redundancy condition, the picture is i 
different, Only two retardates reache 


criterion, so retardates are not repren 

= . . - a 
The eighth graders again show a e WO 
increase in clustering at criterion. In fact, 


Sa : = redd 
Considering the zero base line for fixed 
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67% REDUNDANCY 
EIGHTH O==O 
THIRD Sð 
REI'D yore 


3 
S 


80 


60 


CLUSTERING 


40 


CENT 


20| 


CRITERION 


PER 


Fic. 3. 
curve: 
only Ss who reached criteri 
Ss (i.e., Ss who re 
at the —4 data point, for example). 
33% redundancy condition beca 


their clustering perfor- 
When they reached 
onded in 


ded responding, 
Sriters, is quite high. 
Es ion, most eighth graders resp 5 
lt ps of two A's, two B's, and two C's. 
al hough third graders cluster about 20% 
E ch. the zero base line, most of them 
all hed criterion the hard way: by learning 
Red paired associates without making 
ma EVE! (URE of the redundancy 1n the 
aterial, These results strongly suggest 
E. the major differences between S groups 
of ^i 33% condition is the greater capacity 
he eighth graders to discover and 


utili; 
ze the redundancy. 


DISCUSSION 

Ee most significant. finding is the spur 
P poe disintegration 1n performance by 
hon eee NM were presented high mioni 
ree p aterial in complete form, and permites 
Berto ah compared to their relatively guoc 
Doa ue when the same material was 
ack ted sequentially with immediate feed- 
impro ; This contrasts strikingly with E 
Under” ed performance of normals of equal ie 
equal ns same conditions The: normals: g 
Clea IA showed no change. It seems quite 

ar that when retardates were presented 


50% REDUNDANCY 


Clustering of three groups in three redund 
are plotted backwards from the point where ea 
ion were used. Unplotted points h 


ached criterion in less than five 
Retardates are not represented in the 


use only two retardates reac 
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33% REDUNDANCY 


CRITERION 


-1 LAST 


L S 


ancy conditions. (Since 
ch S reached criterion, 
ad less than five 
trials would not be represented 


hed criterion.) 


with the high information material all at once 
they were unable to find a successful strategy 
to deal with it (Spitz, 1966). The eighth 
graders quickly noted and made effective use 
of the redundancy. Of course, it is possible 
that the retardates' poor performance and the 
eighth graders' good performance were due 
primarily to the frec-ordered recall method of 
testing, but it seems much more likely that the 
simultaneous presentation method played the 


major role. $ "x 
The implications of these findings for the 
venerable whole-part learning controversy are 
evident: for certain kinds of material, at least, 


retardates will learn best when the information 
is presented a little at a time (as, for example, 
in teaching machines), while for normals of at 
least 13 yr. of age presentation of the same 
material all at once (holding time constant) 
allows Ss to find and use redundancies more 
readily and, consequently, to perform more 
efficiently. This is not à totally new finding. 
McGeoch (1931) reviewed the relationship. of 
mental development to whole-part learning 
and suggested that“ ‘mental development’. . - 
is a factor in the relative efficiency of the whole 
i thods [p. 335]." The higher MA 


and part me j 
Ss learned relatively better by the whole 
method than by the part method, even 
though the conception of whole and part 
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methods was somewhat different from that 
used here. The part method was particularly 
good for retarded Ss. Consonent with those 
findings, Madsen (1963) found that under 
relatively massed conditions (5-sec. intertrial 
interval), performance by retardates „was 
significantly poorer than. under relatively 
spaced conditions (60-sec. intertrial interval), 
an effect not found with intellectually average 
or above-average Ss. h 

The present results supplement our series 
of studies on the recognition and use of 
redundancy by retardates. When the redun- 
dancy is relatively high, retardates can discover 
and utilize it (Spitz & Webreck, in press). 
But when the redundancy is low (i.e., 33%), 
they cannot and are adversely affected by 
simultaneous presentation of the material—so 
adversely affected, in fact, that they perform 
at a lower level than normals of equal MA, 
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NAMING LATENCY FACILITATION: 


^ 
AN ANALYSIS OF THE ENCODING COMPONENT IN 
RECOGNITION REACTION TIME! 


KIM KIRSNER? 


Medical Research Council Developmental Psychology Unit, London, England 


analyses of recognition reaction time assume that encod- 
dependent stages of information process- 
The present study replicated the 
reaction time) varied-set 
ible regardless of list 


S. Sternberg's current 
ing and memory scanning represent in 
ing. This assumption may be questionable. 
stimulus conditions used in the RRT (recognition 
studies but required S to name the probe as rapidly as poss 
(the advantage found for “old” 


Naming latency facilitation 
found to increase as set size decreased both for 


membership. 
found to hold for the visual list/ 


items over "new" items) was 
letters and for words. "This relationship was 
probe and auditory list/ visual probe modali 


ty combinations and at the 
It was concluded that the encoding 


stage (as dis- 


visual 
and that the 


one and two item/sec rates. 
tinct from the memory comparison st 
slope of the function relating set s an 
sibly determined, by encoding factors. 


age) is affected by set size 
d RRT is therefore influenced, or pos- 


Th 
e ; A p 3 
study of memory Pr the set-size variable influences only the 
memory comparison stage of the recogni- 
if set size has an 


fited sienif ocesses has bene- 
Eo CA from the development ofa m i s 
which Jue (Sternberg, 1967, 19692, 1969b) tion process. That is, 
provides independent estimates of effect on the encoding stage of the recognt- 
N and memory com- tion process, it follows that the intercept 
and slope values do not provide independent 
estimates of the encoding and memory 
n stages, respectively. In a pre- 
vious study, Kirsner and Craik (1971) 
found that the serial position of the target 
item in a list of words gave rise to systematic 
iy 
| 


changes in the time taken to identify the 


t 
re duration of encoding anc ? 
eile sani in recognition memory. 
to a es nique has been successfully applied 
of daai of issues including the nature 
alfee ng in short-term memory (Chase & 
Mental 1969; Sternberg, 1967), develop- 
1970) changes (Hoving, Morin, & Konick, 
aed and the lateralization of memory c 
verbal and pictorial stimuli (Klat- item when it was repeated as à 
Specifically, naming 


zk N : N > 
Y & Atkinson, 1970). T he present 1n- 
d in order to items was shorter when the 


compariso 


Vestigati : 
Ee was implemente 
the "s some of the assumption 
ory istinction between encoding 
n comparison operations in recognition 
lemory, 
Th 

e me " a 
RR memory comparison 
Mat 

tr from the slope of 

and memory set size. 


com 
ponent is included in 
“scanning amine 
La exa 

y he fore- ; 
lidity of the : set size an 
umption t nat A further 


from the last 3 
items. 


s underlying 
and mem- in the list as compar! 
(In their experiment, Ss named the probe 
item regardless of whether it had occurre 
in the list or not) On the basis of these 
s likely that naming latency 
to set size and, therefore, 
The encoding that a component of the scanning function 
zd in RRT may be due to encoding as distinct 
the zero Ine" from memory The present study 
s directly the relationship between 
d naming latency facilitation. 
question concerns the role of 
n the RRT paradigm. On 
ndings that the scanning 
the list and probe 
same modality 


component of 


P (recognition reaction time) is esti- results, it seem 
the function relating will be sensitive 


cept : 

tion of this memory 9r ' func- 
Zoin, However, the v@ 
aes analysis rests on an ass 


rp — 
This 
Mi research was supp 3 
? Re ouncil Grant G77/3097. E the basis o 
ydp for gots should be rs to Kim function was flatter when 
; Department 0 Psychology Iniversity © B 
o gy : : f . 
Tonto, Toronto 5, Crees Canada. items were presented in the 


ted by Medical Re- 


Kirsi 
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(e.g., visual list/visual probe or VV) as 
compared with. different modalities (e.g., 
auditory list/visual probe or AV), Chase 
and Calfee (1969) concluded that the recog- 
nition comparison may be based on informa- 
tion retained at a sensory level. They used 
letters as stimuli. However, Kirsner and 
Craik (1971), using eight-item lists of 
words, found no differences at any serial 
position between the VV and AV combina- 
tions (in either naming latency facilitation 
or RRT). This discrepancy may reason- 
ably be attributed to the different stimuli 
used in the two experiments. That is, 
visual sensory memory may be restricted in 
capacity to two to three letters and VV 
would not therefore facilitate RRT or 
naming latency when the stimuli used were 
words as in the study by Kirsner and Craik. 
A direct test of this question is made in the 
present study by including a comparison 
between naming latency facilitation for 
letters and words using both the VV and 
AV modality combinations, If naming la- 
tency facilitation is determined at a sensory 
level and the relevant store can hold in- 
formation about two to three letters only, 


then this should be apparent as an advan- 

tage for VV in the letter condition. 
Another question concerns the role 

word-identification Processes in short-ter 


memory. Although a distinction is cor 
monly drawn between 


linquistic memory, little 
tion has been given by 
to the role of the interpol 
mechanism in their expe 
plausible, however, th 
identification system 
tain persisting 
tion, and th 
tribute to 


of 
m 
m- 
Prelinguistic and 
detailed considera- 
memory theorists 
ated identification 
riments. It seems 
at units in the word- 


activa- 
Id con- 
recognition, 


its, logogens, in 
the word store, On the basis of evidence 
from Word perception and short-term mem- 
ory experiments, Morton suggested (a) 
that logogen "priming" may occur irre- 
Spective of the Source of stimulation, and 
(b) that the Magnitude of priming is re- 
duced by Subsequent Stimulus events, Ac- 
cordingly, if naming latency facilitation 
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reflects logogen priming, it follows gs 
cilitation should be equal for VV and Al i 
and that it should show systematic seria 
position differences including a recency 
component. s 
Alihpugh the stimulus conditions pe 
taining to naming latency and RRT ma 
be identical, this does not guarantee tha 
the processes governing naming latency 
facilitation also affect RRT, Specifically, 
the pattern of naming latency facilitation 
could be determined by response prepara- 
tion factors which cannot operate in the 
RRT situation, where there are only two 
possible responses at each set size. In an 
attempt to obtain some information on this 
question, rate of presentation was included 
as an experimental variable. If response 
preparation is critical in naming latency 
facilitation, then, contrary to the sensory 
prediction, facilitation should be greatest 
at the slow presentation rate. A 
To summarize, the experimental denien 
comprised the factorial combination o 
stimulus material (letters vs. words), list 
Presentation modality (VV vs. AV), pis 
sentation rate (2 items/sec vs. 1 item/sec), 
and set size (one to four items). If Hem 
latency facilitation is influenced by sensory 
factors, facilitation Should be greatest for 
VV letters at the fast presentation rate. 
However, if Tesponse preparation is crit- 
ical, facilitation should be insensitive tO 
list presentation modality, and greatest at 
the slow presentation rate, 


METHOD 


: Pan " , 4 
Design.—The experimental design was a 2 p 

X2X2X4 crossed classification in which p 

variables were stimulus material, Ss, list presenta 


5 B A 3 Thus 

tion modality, presentation rate, and set size. Thu 

stimulus material was a between-S variable. 
Each of the eig 


ht 5s completed four sessions, one 
session for each combination of list presentation 
modality and presentation rate. Each session epp 
prised four 52-trjal blocks, one block per set eee, 
List presentation modality and presentation p^ 
Orders were counterbalanced across Ss, and p 
Size order was counterbalanced across the other €? 
perimental conditions and Ss, rt 
The first 4 trials were designed to absorb sho! he 
term practice effects and were not included E 
analysis. There were 48 experimental trials. w 
probe item was “old” (from the immediately Pe 
ceding list) on 24 of these trials. The old trials W€ 


uM 


divided e . 
iem a spools pore ti ie 
trials, Each block used : E size for the block of 
of old visi and fe kp dem random sequence 
combination of the ex iN two formats for each 
Procedure.—E. is Caper al conditions. 
four sessions The in ae E. ted individually in 
each word in the list as Pape Ment Rien 
repeat the words SL HSUM S presented, but do not 
Before the test S p yourself or rehearse them again 
naming the domu. Y. presented. Concentrate on 
less of whether i a ns rapidly as possible regard- 
Th e hether it was in the list or not." 
list po sound-reduced booth. Auditory 
Were semp pond in * female voice, 
Dbstereo tpe SEE, headphones rom one track 
M isual list pe recorder (U her Royal De Luxe). The 
Were inse Bii probe stimuli (in uppercase print) 
Váriced s s; in an IBM typewriter, which was ad- 
The eae — attached to the return button. 
AV Condita was activated by a digitimer. In the 
Po 1 jen, the probe cycle was coordinated bya 
ae Ree on the tape. A Shibaden TV camera 
viewed i ad on the typewriter carriage, and Ss 
£ , the visual stimuli on a Shibadan monitor. 
E e were obtained using a throat microphone. 
Em slow presentation rate, each list stimulus 
blank red for .5 sec. and was followed by an 5 ec. 
item Tet. before the appearance of the next st 
MER he offset/onset probe delay interval was 1.5 
FUR These conditions were exactly halved at the 
ast presentation rate. 
F Material.—The following rs wet 
Eaa: J, KL, M, NP, T, V, and Z. The words were 
Noe eni selected from a pool of 300 items. The 
‘et ‘pool for the present xperiment was restricted 
eee nouns of five, six, or sever 
archi: iomophones, proper nouns, contractions, i 
AER ie words deleted. Only words beginning with 
je letters listed above The word 
Evers constructed by sampling randomly with- 
ae within blocks but with replacement 
Samipli blocks. Letter lists were constructed by 
eet lon randomly with two constraints: (a) that 
etter should be used as a probe on three, four, 


or fi “i epee 

a five trials within a block, ¢ nd (b) that no letter 

hould occur on two occasions in one trial list. | 
the Birk- 


Subjects —The Ss were obtained from 
eck College pool. All Ss were between 18 and 31 yr. 


Prage. 


letters were used: B, D, 


1 letters 
and 


were included. 


RESULTS 
aming latency facili- 
a series of five-Way 
aterial X S X List 
> Presentation 


hos magnitude of n 
INO was examined in 
OVAs (Stimulus M 


sentation Modality 
ate X Set Size or Serial Position). Fol- 
Owing the analysis used by Kirsner and 

1 used in each 


ANOV (1971), the value 
Dus JA was mean naming 
n S minus mean naming 

ms from each condition (th 


latency for new 
latency for old 
at is, the dif- 
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ference resulting from the occurrence of an 
item in the immediately preceding list). 
This technique provides a control over the 
nonspecific effects of factors such as prac- 
tice and attention on RT. Electrical and 
mechanical failures accounted for approxi- 
mately 1% of the responses. 

An ANOVA showed that the effects of 
set size, F (3, 9) = 54.77, p « .01, and 
stimulus material, PF (1, 3) = 10.18, ? 
< .05, were significant, but that no other 
approached statistical significance. 
The results, pooled across presentation, 
modality, and rate, are shown in Fig. 1, 
where it is apparent that the magnitude of 
naming latency facilitation increases as a 
function of decreasing set size, and naming 
latency facilitation is greater for words than 
A significant linear trend underlay 
the set-size function, F (1, 9) = 134.6; 
p < 01), and further analysis showed that 
the quadratic component was also signifi- 
cant, F (1, 9) = 28.6; p < 01. The linear 
d quadratic components accounted for 
f the variance, respectively. 


effects 


letters. 


an 
81.7 and 17.4060 


isec.) 


o---o WORDS 
e— LETTERS 


70 


60 


NAMING LATENCY FACILITATION (Mi 


e | 2 3 
SET SIZE 


Naming latency facilitation as 
set size and stimulus material. 


Fic. 1- a function of 
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TABLE 1 
NAMING LATENCY FACILITATION AS A FUNCTION OF 
Set Size 
Backward serial position 
Set | Material 
E 4 | 3 2 1 
4 letters 5.3 2.2 4.5 22.4 
words 13.1 10.9 14.1 27.9 
3 letters 3.0 15.5 14.0 
words 13.8 19.7 30.2 
2 letters 21.2 17.8 
words 30.5 36.0 
1 letters 51.5 
words 72.4 


Table 1 shows the naming latency facili- 
tation data classified by stimulus material, 
set size, and serial position. It is apparent 
that the set-size effect is not an artifact of 
differences in relative recency between 
groups. A second ANOVA confirmed this 
conclusion by showing that the effect of set 
size was Statistically significant when based 
solely on data from the last serial position in 
each set, F (3, 9) = 348; p<.01. A 
third ANOVA using data from Set Size 4 
only showed that the serial position differ- 
ences (for Set Size 4) presented in Table 1 
are statistically reliable, F (3, 9) = 8.6; 
p < .01). 

The naming latency values for new items 
were examined for any possible artifacts 
due to set size, modality, rate, or practice, 


The relevant latencies were 573, 578, 574, 
and 571 for Set Sizes 1, 2, 3, and 4; 569 and 
579 for VV and AV; 572 and 576 for the 
fast and slow rates; and 579, 573, 578, and 


566 msec, for Sessions 1, 2, 3, and 4, re- 


spectively, For each comparison, the data 
Were pooled across all other variables. The 


latencies for new letters and new words were 
546 and 601 msec., respectively. 


Discussion 

The pattern of the result: 
ward. The magnitud, 
itation increased 
set size for both le 
was insensitive t 
and presentation 


s was straightfor- 
€ of naming latency facil- 
as a function of decreasing 
tters and words, This effect 
O list prese i 
rate, but 


KIM KIRSNER 


was greater for words than letters. The slope 
of the function relating set size and naming 
latency facilitation was 15.8 msec. per item, 
however this value is qualified by the presence 
of a significant quadratic component appar- 
ently due to an additional increase in facili- 
tation at Set Size 1. r 
In general terms, naming latency facilitation 
may be attributed to “sensory,” “identifica- 
tion,” or “response” factors. According to the 
sensory hypothesis (Eichelman, 1970; Parks, 
Kroll, Salzberg, & Parkinson, 1972; Posner, 
1971), facilitation of RRT or naming latency 
should be at a maximum when the list and 
probe stimuli are physically as opposed to 
nominally identical. The conditions for this 
comparison are met in the present experiment 
where VV and AV can be said to represent 
physical and nominal identicality, respectively. 
The results are clearly inconsistent with the 
sensory hypothesis because no advantage was 
found for VV over AV at the fast or slow pre- 
sentation rate for either letters or words. 
According to one possible response prepara- 
tion position, naming latency facilitation may 
be attributed to articulatory priming. That is, 
naming latency is facilitated when S articulates 
the target item immediately prior to presenta- 
tion of the probe, The presentation rate manip- 
ulation was included in order to test this hy- 
pothesis. Specifically, jt was thought neu 
when two or more words are presented at the 
fast presentation rate, Ss would have little 
time for articulatory preparation and, there- 
fore, that naming latency facilitation would be 
attenuated. The results did not support this 
response preparation position. 
In the identification account of naming lat- 
ency facilitation, it is assumed that the internal 
representation or logogen (Morton, 1970) of the 
letter or word may be transiently primed by 
recent experience and thus more easily “fired” 
on a second, test presentation. This notion 
receives some support from the advantage 
found for words over letters. As each letter is 


presented as an untested list item or asa probe 
item between 7 and 17 times per block in the 


letter condition, it seems likely that the thresh- 
old level of all sampled letters will be lowered 
accordingly. Thus there will be less opportu- 
nity for additional transient facilitation. The 
modality and serial position results are also 
consistent with the logogen model which speci- 
fies that priming can occur irrespective of the 
Source of stimulation and that the amount of 


activation in the logogen will be reduced by 
subsequent stimuli, 
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a he additional facilitation found in the Set 
pS 1 condition may be analagous to that re- 
pu for positive items in a number of RRT 
Birenb: : eon E Okada, 1971; Clifton & 
the Seay 1970; Forrin & Morin, 1969). On 
tha ee side; one possible explanation is that 
in VV s die to residual sensory facilitation 
E RE, yereas, in AV, Ss generate a visual 
ues coue from the auditory signal. The 
Bliswn i r of this eS „has been 
ana d attens by Posner, Boies, Eichelman, 
seem likely (1909), However, it does not 
ange that Ss could generate a visual 
in .75 e code for a five- to seven-letter word 
ample xd Weber and Bach (1969), for ex- 
A. ee the visual synthesis rate at 
not Eva per sec. T he synthesis hypothesis 
oot precluded by the present data 
thatth . On the output side, it 15 possible 
tion. | ee ef arises in response organiza- 
Prepare na is, in the Set Size 1 condition, Sis 
Beas D emit the list item when the probe 
it miel S T presented. If this view is correct, 
Bew ie »e expected that naming latency for 
udis would be increased in the Set Size 1 
Eds ion. This does not occur. Thus the 
Pl may be consistent with a word store 
ip SREGEAGOD of the Set Size 1 effect also. 

Bb is, the relevant logogen is primed, pos- 
Sea a function of the amount and, to a 

E extent, the recency of attention, and the 
ie. Ee therefore occurs in the final stage of 
identification. At this level, however, 


t ; CAP eak 
here may be no valid distinction between per- 
Thus item 


e 
CEU and response processes. 
En d ucdHgn may be functionally equivalent 
the act of response selection. 
shi tween set 


TIN he presence ofa relationship be 
Ee naming latency appe z 
ory ER for those models 0 
nin which assume (a) that enc 
B represent independent informa 
awn stages in recognition memory, an 
tion x P intercept and slo 
Benen ating set size and 
FA es estimates of these stages: r 
eae RUE above, naming latency — 08 
Ows oe item identification, then 3 

msec, nat a component (not more than 
Size ar per item) of the function relating set 
he I RRT may be attributed to a change 1n 
mem uration of the encoding Stage prior to 
ery analysis. That is, the slope value in 
o lu compound of encoding and memory 
Gea factors. A second possibility is 
enjo hanges in both naming latency an RT 
y common determination in the logogen 
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system. In this view the activity level of the 
logogen of a word presented in a given set is 
determined by the serial position of that item. 
in the set, and also by the number of items in 
the set. Naming latency is then a direct "in- 
dex" of the activity level of the logogen of the 
test word. In recognition memory, On the 
other hand, the logogen's activity level acts 
as the input into a decision mechanism where 
it is compared with some criterion. Thus, as in 
the trace strength account of recognition mem- 
ory (Baddeley & Ecob, 1970; Norman & 
Wickelgren, 1969), RRT will reflect the 
amount by which the input exceeds or, in the 
case of negative probe items, falls short of the 
criterion. 
Conclusions.—The present study was imple- 
mented to consider the possibility that in 
Sternberg's (1967) RRT paradigm the set-size 
variable may have an effect on encoding as well 
as subsequent memory comparison operations. 
As in the RRT paradigm, Ss viewed lists of 
items which were followed immediately by a 
probe item. The Ss named the probe item as 
rapidly as possible regardless of list member- 
ship. The results showed that naming latency, 
for both letters and words, is sensitive to the 
number of items in the preceding list and also 
to the serial location of the probe item in the 
list. The magnitude of naming latency facili- 
tation was insensitive to list presentation 
modality and presentation rate. The results 
were thought to be consistent with the view 
that set size does have an effect on encoding 
under stimulus conditions similar to those 
used in Sternberg's (1967) character classifica- 
udies, however further research is re- 
quired to determine whether these changes in 
g determine, contribute to, oF are ir- 
the set-size effect found for RRT. 
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or dee s must keep alternative criteria 
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“ives compete for attention. Posner and 
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tudies which have shown that a sameness- 
EMEN judgement for two stimuli pre- 
a ed in temporal succession varies in 
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E sical match or a match in terms ofa 
a gory the two stimuli share in common. 
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al and auditory en- 
noff, 1970; Posner, 
& Taylor, 


high potential for verb 

coding (Boies, 1969; Dai 
1969; Posner, Boies, Eichelman, 
1969; Posner & Keele, 1967; Posner & 
Taylor, 1969). Multiple stimuli, e.g., A,a 
B, b, are presented in temporal succession, 
and Ss view one as target and one as probe. 
Under identity-matching instructions, they 
respond SAME when the target and probe 
are identical and DIFFERENT when they are 
nonidentical. Under category-matching 
instructions, they respond SAME when the 
target and probe have the same name, e£ 
A—a, and DIFFEREN 


t when they do not. 
In these studies, reaction time to the probe 
has been related to the nature of them 


atch, 
instructions, and length of the target-probe 
When the target 


disappears dur- 
target-probe interval (Posner & 
71), matching latencies are greater 
ching instructions than 
instructions; there is 
in time required for 


th increasing target- 


interval. 
ing the 
Boies, 19 
under category-mat 
identity-matching 

also a rapid increase 
sical matching wi 


phy y ; 
probe interval, while category-matching 
nain relatively constant. Pos- 


latencies re! 
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ence in time 
hing is rel 


es (1971) argue that the differ- 
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matc e 
handle certain mental tasks simultane- 
„even when they wish to do so (limited 


ously 
central P 
provide € 


Further, they 


rocessing capacity). 
of physi- 


vidence that the slowing 
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cal matching with increasing target-probe 
interval is due to difficulty in maintaining a 
viable visual image of the target, and that 
this difficulty is, in turn, the result of com- 
petition for attention by physical- and 
category-matching tasks. However, the 
time course of physical and category match- 
ing is related to conditions which bias Ss’ 
attention to the name code of the letters 
and away from their physical characteris- 
tics. When Ss were provided with increased 
incentive to attend to the visual aspects of 
the target-probe stimuli by presentation of 
"pure" target-probe combinations, i.e., 
only uppercase letters (Posner, 1969; Pos- 
ner & Boies, 1971), the slowing of physical- 
identity matching over time was more 
gradual, and the time difference between 
identity and category matching was | 
at the shortest target-probe interval, 
Although Posner (1969) was able to in- 
crease attention bias toward the physical 
characteristics of letters, attention was 
still strongly biased in the direction of their 
name characteristics as evidenced by the 
fact that category (name)-matching effi- 
ciency changed very little over time, and 
pure physical matches continued to exhibit 
a decrement with increasing target-probe 
interval. This is to be expected. Verbal 
materials, by nature of their symbolic func- 
tion in spoken and written communication, 
readily lend themselves to categorization 
by name and to encoding in the acoustic 
modality (Dainoff, 1970). It Seems, then, 
that an important test of the Posner and 
Boies (1971) "attention model" is a com- 
parison of matching efficiency for stimuli 
Which lend themselves much less readily to 
name and/or acoustic encoding than upper- 
and lowercase letters, This Was accom- 
plished in the present experiments by pre- 
Senting physically identical target-probe 


materials which differed only in spatial 
orientation and | 


: à ?Y requiring Ss to cate- 
gorize them 1n a manner that was cumber- 
some, if not Impossible, to express in words 


or to encode acoustically. Based on the 
Posner and Boies attention model, the fol- 
lowing hypotheses Were advanced. Cate- 
gory- and identity-matching tasks would 
compete for attention, with tl 


argest 


he former re- 
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quiring more time than the latter, particu- 
larly at the shortest target-probe interval. 
Due to the considerably greater attentional 
bias toward the representational aspects of 
the stimuli, and in contrast to findings for 
verbal materials (Posner & Boies, 1971), 
matching for identical target-probe com- 
binations would not decrease in efficiency 
with increasing target-probe interval, re- 
gardless of whether S is matching under 
identity or category instructions. Identity 
matching would take temporal priority over 
category matching in the sequence of pre- 
processing events prior to arrival of the 
probe. With increasing target-probe inter- 
val, category matching would become more 
rapid and approach identity matching 
efficiency due to the increased time avail- 
able to attend to category as well as physi- 
cal information prior to arrival of the probe. 


ExPERIMENT | 
Method. 


Subjects, apparatus, and brocedure.—' l'en females 
and 2 males, 19 to 32 yr. old, served as Ss, They. 
were paid volunteers from a population of Duke 
University students and medical technicians. 

Stimuli were presented in a Scientific Prototype 
(Model GB) three-channel tachistoscope. The 
stimulus population is shown in Fig. 1. One of these 
four orientations of the same form was presented on 
each trial as the target and one as the probe. The 
interstimulus interval (ISI) was 100, 600, or 1,200 
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FIG, 1, 


The single-target-probe 
combinations of Exp. 1. 


TEMPORAL COURSE OF MATCHING BY SPATIAL ORIENTATION 


Ms cuve. W hite 12.7 X 17.8 cm. note- 
Hm TUN dee gs with 25 ftl., served as backgrounds 
ton Soit 5 li; thie blank ISI interval, and the fixa- 
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um a, he forms were black stick figures 
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referred sponse and the index 
Bed ii and for DIFFERE esponses. $ 
trie times E opposite procedure. A Standard Elec- 
Cerminated egan with the onset of the probe and 
S Red y fee S's correct response. Each S' per- 

; 5 nder identity- and rule-matching instruc- 
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finger of the non- 


Si 


r 


ions, fides 
sponse ee instructions required a SAME re- 
identical ori ne four target-probe combinations of 
Tesponse eee (Fig. 1), and a DIFFERENT 
Matching ino nonidentical orientations. Category 
1 Probe were quired a SAME response if the target and 
| Shown m P Common members of one of the two sets 
Were fenes. 1 and a DIFFERENT response if they 

he se ers of different sets. The 55 were shown 

» and reminded that target- 
in the s. i: ntical orientation were also 

rea SOMME set. Each trial began with a verbal 
ended nal from .5 to 1 sec. before target onset and 

à trials oo a response to the probe. Time between 
ing Ec nee 15 sec. Feedback concern- 
couraged.. was provided, and Ss were strongly en- 
curacy, | not ito sacrifice speed for the sake of ac- 
Bent; out to E ; and DIFFE cE judg- 

s po! 

rformed und 


prol giis prior to testing 
; combinations of ide! 


er category- and 
Iternate days. 


half with category 
ted at each 
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and 
tively. To equate 
NT responses for 
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ji. Possible ordering of ISI 
he pr y-matching sessions, respec 
the conto of SAME and DIFFERE? o Hc 
agama SNS condition, the four identical 
n Huc combinations were given three times 
ical ect Del for each session, and the 12 noniden- 
nat rp binations were given once. | For category 
spun Er the 8 combinations requiring DIFFERENT 
Probe Ses were given twice for each ISI. Target- 
Mined combinations appeared in a randomly deter- 
hres cent each ISI. 
conditio, conditions of category 
target. a. of identity matching, 
target Probe combinations (Fig. 1), 
Sory ee probe identical and in th X à 
and in t ching (IS); target and probe nonidentical 
Set ang Ne same set, category matching (NIS); tar- 
Categor: Probe nonidentical and in different sets, 
Y matching (DS); target and probe identical, 


matching and two 
defined by the 
were of interest: 
e same set, cate- 
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identity matching (D; target and probe nonidentical, 
identity matching (D). Thus, a 5 (Target-Probe 
Conditions) X 3 (SI) completely-repeated-mea- 
surements design was employed. 


Results 


_ Reaction time (RT) reached an asympto- 
tic level and error rates were negligible after 
the second and third sessions for the ident- 
ity- and category-matching tasks, respec- 
tively. Data are reported for the remaining 
sessions with 288 SAME and 288 DIFFERENT 
responses for each S for both tasks. Analy- 
ses of variance were done with a completely- 
repeated-measurements model utilizing Ss 
X. Effect interactions as denominators for 
cach Fratio. There was a significant main 
effect for target-probe conditions, F (4, 44) 
= 6.59, p < .01. To avoid the necessity of 
assuming symmetry of variance-covari- 
ance matrices (Winer, 1962, pp. 123, 313; 
345, 636), specific contrasts were done with 
a multivariate statistical program (Starmer, 
1967). All univariate tests were done with 
degrees of freedom of 1 and 11. The F 
values at p < .05 and p < .01 were 4.84 
and 9.65, respectively ; however, following 
Cole and Grizzle's (1966) procedure, uni- 
variate Fs were not reported as significant 
unless the multivariate F approximation of 
Hotelling's 7? was significant, P < .05, for 
all contrasts. Contrasts between target- 
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FIG. 2. 
matching conditions (1 and D) and the three cate- 
gory-matching conditions (IS, NIS, and DS) of 


Exp. I. 
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probe conditions, averaging scores for ISI, 
indicated significant differences between 
the following pairs of means: I-D, p< 205; 
I-IS, p <.05, LNIS, p< .01; D-NIS, 
p < .01; NIS-DS, p < 01. 
Neither the ISI main effect, F (2, 22) 
= 2.21, nor the ISI X Target-Probe Con- 
dition interaction, F (8, 88) = 1.91, both 
ps > .05, were significant. However, spe- 
cific a priori contrasts (Winer, 1962, p. 208) 
were done for each target-probe condition 
separately since the time course of identity 
and category matching was the central ex- 
perimental question. Observed differences 
between means were nonsignificant, p >.05, 
for all conditions but the NIS condition. 
Here, RT was significantly longer for the 
100-msec. ISI than for the 600- and 1,200- 
msec. ISI, both ps < .05, but the latter 
two means did not differ significantly, 
b > .05. 


Discussion 


Posner and Keele (1970) argue that certain 

| classes of mental operations, i.e., response ini- 
tiation, rehearsal, and mental transformation, 
cannot be stimultaneously accomplished with 
equal efficiency within the same “time space." 
It appears that these mental operations are in- 
volved in category and identity matching by 
spatial orientation as well as by letter name and 
identity (Boies, 1969; Dainoff, 1970; Posner, 
1969; Posner & Keele, 1967; Posner & Taylor, 
1969). Consistent with findings for the latter 
materials, identity and category matching by 
spatial orientation did not begin and end at 
the same time, although the two Operations 

] may have overlapped in time, Identity match- 
ing appears to have received 
ity in the sequence of event: 
arrival of the probe. 
the probe w. 


0 limited, category- 
ee latencies were most clearly prolonged 


Suggest th 
"ation of j 
ed inform 
Sensitive to identical stimula- 
riod of time, Instructions to 


nternal units repre- 
ation which become 
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presented under identity- as opposed to M. 
gory-matching instructions. This finding or 
spatial materials lends further support to 
Posner and Boies’ (1971) argument that main- 
tenance of a viable visual image of the target 
is related to the extent to which attention is 
directed toward the physical characteristics of 
the target during the retention interval. 3 
As hypothesized, the time course of identity 
and category matching did differ from that 
which has been reported for verbal materials. 
For letter matching, significant increase in 
time required to make physical matches ac- 
companied increasing ISI when the target was 
not present during the ISI (Posner & Boies, 
1971). These investigators argue that this 
phenomenon reflects the possibility that .Ss 
keep the letter name (category) in mind dur- 
ing the ISI. In the present experiment, in con- 
trast to findings for letter matching, identity 
matching remained constant over time while 
one condition of category matching, NIS, be- 
came more efficient with increasing IS It 
appears, then 
cessible, 


, that visual information is ac- 
or viable, for longer periods of time for 
spatial materials which do not afford the op- 
portunity for acoustic encoding (Dainoff, 1970) 


or categorization by name (Posner, 1969; 
Posner & Boies, 1971), 


EXPERMENT [I 


With increased time to prepare for the 
probe, category-matching efficiency in- 
creased under the NIS condition. This 
phenomenon suggests that a mental opera- 
tion, in preparation for the probe, goes on 
during the ISI and is more complete after 
600 msec. than it is within 100 msec. In 
fact, it may be as complete as possible after 
600 msec. since additional time did not 
facilitate matching further. Experiment 
l was designed to (a) replicate this finding 
and (b) determine the nature of this pre- 
probe activity, Increase in category- 
matching efficiency has been reported for 
verbal materials but only when the target 
letter. remained visable during the ISI 
(Boies, 1970). Boies (1970), Posner and 
Keele (1970), and Posner and Boies (1971) 
Suggest that the increase in category- 
matching efficiency with increasing ISI 4 
due to increased time to generate visua 
descriptor of the Opposite case, i.e., pnt 
during the target-probe interval. By ana 
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ogy, it is possible that Ss in the present 
experiment utilized the preprobe interval to 
generate an alternate member of the posi- 
tive target set, possibly by mental rotation 
of the target stimulus (Shepard & Metzler, 
1971). To test this “generation” hypothe- 
sis, both the target and its alternate mem- 
ber were presented as a target (dual target) 
and compared with the single-target condi- 
ton. The logic of this comparison was as 
follows: If generation of the alternate mem- 
ber of the set is a time-consuming process 
Which slows category matching at 100 
pases; removing the necessity for this op- 
eration, by presenting the entire set as 
target, should enhance matching effi- 
ciency at 100 msec. Thus, matching with 
dual targets should be more efficient than 
Matching with single targets at 100 msec., 
and the increase in matching efficiency 
With increasing ISI should not be observed. 


Method 


, Twelve unpracticed Ss of the same age and sex 
distribution as in Exp. I were used. As may be seen 
in Fig. 3, a dual-target condition w created by add- 
Ing the missing member of the positive set to each of 
the single-target combinations. To eliminate the 
Possibility of masking and Jor confusion resulting 
Tom the overlap of three muli, the dual-target 
Members were separated by 17' visual angle (end to 
end), and the probe was s parated from the right 
Member of the dual target set by 17’. The fixation 
Point was located midway between the dual-target 
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Fic. 3. The dual-target- 
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members. For the single-target condition, the 
target was located in the same position as the left 
member of the dual-target set and the probe was 
located in the same position as the probe for the dual- 
target condition, Dual and single targets were pre- 
sented in alternate, counterbalanced succession for 
six practice and six test ions. 

Design and procedurc.—Vor each ISI there were 
the three single-target-probe categories of Exp. iln 
IS, NIS, and DS; and three dual-target categories, 
Dual-IR (right member of target and probe identi- 
cal), Dual-IL (left member of target and probe 
identical), and Dual-DS (neither member of the 
target identical to the probe). Exactly the same pro- 
cedure as in Exp. 1 was employed except that Ss 
were told to match by category with no mention of 
identity matching. 


Results 


Figure 4 shows mean RT under each ex- 
perimental condition. Mean-effect ISI, 
main-effect target-probe condition, and 
ISI X Target-Probe Condition interaction 
were all significant, F (2, 22) — 6.48, 
p < 01; F (5, 55) = 247, p < 05; F (10, 
110) = 2.40, p « .05. Specific contrasts 
with Hotelling’s 7” test indicated signifi- 
cantly shorter RT at the 100-, 600-, and 
1,200-msec. ISIs, ps « .05, for the IS as op- 
posed to all other conditions. The Dual- 
DS condition resulted in significantly longer 
RT than the Single-DS condition and Dual- 
IL condition for the 100-msec. ISI, ps 
< .05. The Dual-IR and Dual-IL condi- 
tions did not differ significantly for any 


TARGET PROBE 


(iN 
iT Hi 
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ISI, ps > 05. Contrasts between ISI 
means for each target-probe condition indi- 
cated significantly Shorter RT for the 600- 


and 1,200-msec, ISI 


tha 


n for the 1,200- 


msec. ISI for the Single-NIS condition, 


ps < .05, the Dual-DS condition 
the Single-DS condition, ps < . 
Dual-IR condition, ps < .01. All 
contrasts revealed signific, 


ps > .05. 


Discussion 


Experimen 


shortest ISI bec 
generate the alte 


to arrival of the probe, 


ISI, "difference" RT was 


dual as opposed 


hypothetical Process of + 


complished within 100 msi 


strategy which shortcuts 


t II does not support the 
esis of impaired matching efficie 
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gle t 


ties 
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: PS < .05, 
05, and the 
other 
ant differences, 


hypoth- 
ncy at the 


ause of insufficient time to 
‘ate member of the se 


t prior 


For the 100-msec. 


ctually longer for 


argets. For each 


ns as opposed to the Single-IS 


arise for verifica- 


experimentation : (a) the 
‘generation” is ac- 


ec. for materials vary- 
ing in spatial orientation ; 


(b) Ss develop a 
Process of stimu- 


lus genéràtion, Possibly, Ss categorize the 
single-target stimulus with a code. Should an 
identity mismatch occur between the single- 
target member and the probe, the code-match- 
ing Operation, which may be initiated parallel 
to the identity-matching Operation, is em- 
ployed. This coding str. 
used for dual targets. However, spontaneously 
introspective comments from Ss uniformly in- 
dicated that they were impelled by t 
cal presence of both members of th 
set, dual targets, to perform an ex 
identity match for the right and left members* 
of the set prior to making a difference judg- 
ment. Thus dual- and single-target matching 
efficiency may both suffer at the shortest ISI, 
but for different reasons, For dual targets, Ss 
may be less able to 
visual images of both stimuli before the probe 
arrives. For single targets, the coding opera- 
tion may be less w ell implemented by the time 
the probe arrives. An alternative hypothesis 
is that Ss ignored the dual-target information, 


selected one member of the target set, and per- | 


formed a set of mental operations identical io 
those for single targets. This hypothesis is e 
confirmed by these data; matching times is 
not differ significantly for the Dual-IL an 


à 


ategy could also be ` 


shift attention between - 
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Dual-IR condit 
m geared and Dual-IL and Dual-IR 
the Si e significantly longer than those for 

m UNIS condition. 
ing c ui as comments by Ss regard- 
matching o Bi im serial, double identity- 
interpreted = “ie for dual targets must be 
sistent e E bun they are not incon- 
Ment that the osner and Boies’ (1971) argu- 
identical sti target stimulus sensitizes Ss to 
Starch > imuli and serves as a model for 
consistent with a introspective comments are 
ing takes ur nt ie finding that identity match- 
gardless of Sr over category matching, re- 
also consist matching instructions. They are 
and Eu. with the finding that Dual-IL 
Teater a conditions required significantly 
Single. ta nts of time than matching for the 
time reg Au IS category. The amount of 
NIS hd DR. to complete IS matching plus 
about thes S matching for single targets was 
Plus I ns e that required to complete IL 
his Ending PUUE for dual targets. Although 
le Een does not necessarily indicate that 
While the] operations were done in parallel 
atter were executed in a strictly serial 


fashi 
lion, it does s a 1 e 5 
Verla 3 es suggest that considerably more 
» i a . H H . 
;, ^P in time is possible for dissimilar oper- 
matching 


ations ; 
qi» identity (NIS), and category 
s Bom for highly similar operations such 
L) m dle identity matching" (Dual IR and 
mine je dien studies are necessary to deter- 
or Sales e Mie nature of preprobe activity 
to test tl ial varying in spatial orientation and 
erations hs proposition that highly similar op- 
Parallel nave to be carried out in series, or 1n 
oies, wie mutual interference (Posner & 
be cond 1), while dissimilar operations may 
ucted in parallel without interference. 
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This study assessed the rel. 
ponents to intersensory 
paradigm was used in 
served as stimuli, and familiar adjective: 
Sensory transfer, characterized by symm 


ative contribu 
transfer between 


Intersensory tr. 
of initial learnin 


Sensory transfer effects, 
Gaydos (1956) had Ss | 
between nonsense Patterns, presented visu- 
ally or tactually, and verbal labels, After- 
ward, Ss shifted modalities and relearned 
the stimulus-response Pairs. Positive trans- 
fer was obtained—significantly fewer trials 
were required for relearning in the second 
modality than in the training mode. Sub- 
Sequent studies by Eastman (1967) and by 


Walk (1965) have also demonstrated visual- 


tactual transfer using the paired-associate 
technique. 


Although intersensor 
occurs, the mechanism 
remain to be identified, Certainly, per- 
ceptual models, based upon stimulus gen- 
eralization or overlap in the coding of stimu- 
lus elements, and mediational models, 
based upon some form of learned associa- 
tion between the two modes of experience, 
might afford Possible explanations (Ellis, 


y transfer clearly 
s for such transfer 
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learning to this effect was negligible. 


€ less efficient than the empirically determined 
intrasensory transfer possible in this task. 


TRANSFER OF FORM! 


S. WARM, axp DONALD A. SCHUMSKY 


Cincinnati 


itions of specific and nonspecific com- 
vision and touch. A paired-associate 
and their tactual analogs 
s were the responses. Positive i er- 
netry across modalities was obtained. 
3 Inter- 


1969; Gibson, 1969; Holmgren, Actio 
Manning, 1966). However, an appea a 
nonspecific factors such as ‘warm-up i- 
learning-to-learn (Ellis, 1969) is also plau 
ble. In this regard, Holmgren et al, a 
acoustic and visual stimuli, reported un. 
Performance on a transfer task in. E 
modality was facilitated by initial training 
in another modality although the pem 
response units in both phases of the epar s 
ment were dissimilar. "These investigators 
concluded that nonspecific factors may eet 
deed have been involved in the audiovisua 
transfer that they observed. I 
he studies of visual-tactual transfer tle 
Eastman (1967), Gaydos (1956), and Walk 
(1965) were Not designed to permit a simi- 
lar analysis of the components of transfer. 
Consequently, these studies invite replica- 
tion under conditions that would permit as- 
Sessment of the role of general and specific 
factors in transfer of training between the 
visual and tactual modes, Such assess- 


ment represented one goal of the present 
experiment. 


In addition to tr 
modal rel 
matching 
select com 
that are id 


ansfer of training, inter- 
ations have also been studied by 
procedures which require Ss to 
parison patterns in one modality 
entical to standard patterns pre- 


sented in a different mode (Gibson, 1969 
Performance On this type of cross-moda 
task exce 


eds chance expectations, but it 1 
Poorer than performance on 8 
similar intramodal matching task, partien 
larly in regard to visual-visual and visua 
tactual comparisons (Foulke & Warm, 


generally 
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1968; Gibson, 1969; Lobb, 1965). This 
ee that in cross-modal matching, the 
E lange of information between the 
n zr complete. To date, the identi- 
ed is i similar performance decrement 
e m A ‘transfer of training has been 
S the 5 A ccordingly, a second aspect 
Iesel of! veseni study was to compare the 
ne ln transfer toanempirically 
E maximum level of intramodal 
s n this way, any decrement in 
E associated with crossing sensory 
annels could be identified. 


METHOD 


Bei summ Ss, 25 men and 35 women, served 
Buh a They ranged in age from 18 to 
cholog um age of 20 yr. All Ss were from psy- 
Were e asses at the University of Cincinnati and 

Sti aive as to the problem under investigation. 
E items.—The stimuli were sixteen visual 
Dor igures and their tactual analogs. Metric 
selecti resemble histograms and are generated by 
mined E column heights, according to à predeter- 
Coli sampling rule, in a symmetrical Row X 
umen matrix. All figures were constructed on the 
ated b an underlying M xX 4 matrix and were gener- 
plac y random sampling of column heights with re- 
dro idee Figures generated by this sampling rule 
inea as random metric figures (Fitts, Wein- 

gu nderson, & Leonard, 1956). 
Ba visual figures were constructed by using small 
This squares produced by a special typewriter key. 
" us key produced .25 X -25 cm. squares; each 
Roe represented one cell of the metric figure. The 
eae were centered on 10.24 X 15.36 cm. white 
iei cards. They were coated with black ink, 
Which served to remove graininess, to provide clear 
Contours, and enhance contrast with the white back- 
ground. 

The tactual or haptic 


analogs of the visual figures 


Were punctiform patterns, embossed on aluminum 
by means of a specially constructed braille slate and 
mounted on Masonite blocks .64 cm. thick, and 4.48 
cm. on a side, Vertical and horizontal spacing be- 
tween the center of adjacent dots was .24 cm. 
value is standard for the braille code. The figures 50 
constructed were similar to those used in a previous 
series of studies (Foulke & Warm, 1967; Warm, 
Clark, & Foulke, 1970; Warm & Foulke, 1968). 
Responses.—lhe response terms were 16 five- 
letter adjectives with a frequency of occurrence in 
ordinary use of 100 per million words as indexed by 
Thorndike and Lorge. Each adjective was paired 
with a stimulus form at random. The resulting 16 
stimulus-response pairs were then divided into two 
&roups of eight paired ated Stimu- 


Mesner S sociates designa 
ius- &esponse ~ et SR- A e E 
Set 2 (SR-2). (SR-1) and Stimulus- Response 
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A pparatus.—A two-channel tachistoscope was 
used for visu al presentation. The stimulus figures 
subtended a visual angle of .74°. The luminance of 
the adapting and exposure fields of the tachistoscope 
was 1.4 ftl., and Ss remained light adapted through- 
out the experimental session. 

Stimuli were presented for tactual inspection in a 
partially enclosed box placed on a table between S 
and E. This arrangement prevented visual inspec- 
tion of tactual stimuli by S. The Masonite block 
containing the stimulus figure was fitted into an ap- 
in the floor of the apparatus. The S 
gained access to the tactual stimulus by placing his 
preferred hand through the curtained front of the 
box, and he inspected the stimulus actively with his 
index finger. (A more complete description of the 
tactual apparatus can be found in Foulke and Warm, 
1967.) In both the visual and tactual conditions, all 
figures were presented with base horizontal and dis- 
tinctive contour pointing upward. 

Procedure.—Each S was run individually in à 
session that lasted approximately 35 min. Experi- 
mental sessions were divided into training and trans- 
fer phas Ss were required to learn by anticipation 
a list of eight paired-associates to a criterion of one 
errorless trial in both phases. A trial was defin 
as one presentation of all eight items in the list. 
The sequence of item presentations was varied at 
random during each trial for all Ss. 


In order to minimize response learning, 


propriate jig 


the eight 
f the ex- 


adjectiv appropriate to a given pl oi 
perimental session were displayed in a prominent 
apparatus. As pointed out 


position on the relevant 
by Gaydos (1956), the equivalence of sensory con- 
tact is critical issue in comparing visual and tactual 
pattern recognition; encoding time for vision is 
generally much shorter than that necessary for 
touch. In view of this problem, no time limits were 
set for either visual or tactual inspection of the 
stimuli. This procedure is consistent with that fol- 
lowed by Gaydos. After inspecting & form, S re- 
sponded with one of the adjectives and then was 
informed immediately by E of the correct response 
to the item. A 10-sec. interitem interval was main- 
tained throughout the experiment. The Ss were 
given a 1-min. rest period between the training an! 
transfer phases of the session. 
Experimental design.— Ten Ss were assigned at 
random to each of six experimental groups. The 
groups Were defined by the sensory modality and 
stimulus-response sets used in cach phase of the 
experiment. These groups are outlined in Table 19 
Groups T SR-1) :V(SR-1) and V(SR-1) :T(SR-1), 
modalities differed during the 


in which sensory, 
training and testing phases but the stimulus-re- 


mained the same, were designed to 
it assessment of the presence of specific inter- 
T(SR-2):V (SR-1) and 
V(SR-2): [(SR-1), in which both modalities and 
s-response sets 
were designed to perr 
arning effects in intermodal transfer. 
groups, T(SR-1):T (SR-D) and 
which both stimulus-re- 


stimulu 
the experiment, 
of nonspecific le: 
The remaining 
V(SR-1) :V (SR-1), in 


ie 
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TABLE 1 
SENSORY MODALITIES AND STIMULUS-RESPONSE 
Sers EMPLOYED DURING TRAINING AND 
TRANSFER PHASES FOR ALL Groups 
S-R sets 
Group Training | Testing during 
phases 
T(SR-1): V(SR-1) | Tactual Visual | Same 
V(SR-1): T(SR-1) Visual Tactual | Same 
T(SR-2): V(SR-1) Tactual | Visual Different 
V(SR-2): T(SR-1) Visual Tactual | Different 
T(SR-1): T(SR-1) Tactual | Tactual Same 
V(SR-1): V(SR-1) Visual Visual | Same 


sponse sets and sensory modalities remained invari- 
ant in both experimental phases, were control groups 
designed to (a) provide a base for evaluating speci- 
fic and nonspecific transfer effects, and (b) permit 
a measure of the maximum in trasensory transfer 
possible under the conditions of this study. These 
two groups also provided a base for identify 


ying any 
decrement in transfer associated with changing 
sensory channels, 


RESULTS 


Original learning. —Before an adequate 
assessment of intermodal transfer could be 
made, it was necessary to establish the 
equivalence of the two stimulus-response 
Sets used in initial learning. Consequently, 
a2 X 2 factorial combination of stimulus— 


9 O Tranne 

" E sreciric TRANSFER 
y NON-SPECIFIC 

T TRANSFE! 


MEAN NUMBER OF TRIALS TO CRITERION 


TACTUAL 


VISUAL 
MODALITy 

Fic. 1. Mean number of 

initial learning and interm, 
sense modalities, 


trials to criterion during 
Odal transfer for both 
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Tesponse sets and sensory modalities was 
derived from the training data of Groups 
V(SR-1) SV(SR-1), T(SR-1) TEER- 
V(SR-2) (T (SR-1), and T(SR-2) :V (SR-1). 
The mean number of trials to criterion with 
SR-1 were 4.8 and 8.0 for vision and touch, 
respectively. With SR-2, the correspond- 
ing values were 4.8 for vision and 8.1 for 
touch. An analysis of variance of the data 
indicated that no Significant differences in 
learning were associated with the stimulus- 
response sets (F < 1), Moreover, while 
initial learning was superior for vision as 
compared to touch, F (1, 36) = 57.48, 
P < .01, the absence of a significant Modal- 
ity X Sets interaction (F < 1) indicated 
that initial learning with each stimulus- 
response set was similar within each of the 
sensory modalities employed.’ 

Intermodal fransfer—The relative con- 
tributions of specific and nonspecific factors 
to intermodal transfer in both modalities 
Were assessed by comparing the training 
data of Groups V(SR-1):V(SR-1) and 
T(SR-1) TT (SR-1) to the specific intermodal 
transfer data of Groups T(SR-1) :V(SR-1) 
and V(SR-1) ?T(SR-1) as well as to the non- 
Specific transfer data of Groups T(SR-2): 
V(SR-1) and V(SR-2) :T(SR-1). The mean 
number of trials to criterion for these 


training and transfer conditions are pre- 
sented in Fig, 1, 


The figure reveals th 
mance was superior with 
to haptic stimulation, F 
the specific transfer g 
rion in roughly 50% 


at overall perfor- 
visual as compared 
or both modalities, 
TOUDS reached crite- 
fewer trials than the 
original training groups, While the perfor- 
mance of the nonspecific transfer groups was 
generally similar to that of Ss experiencing 
the original training conditions, The data 
were subjected to a 2 X 3 analysis of vari- 
ance in which Sensory modality was one 
dimension and type of experience (original 


learning, Specific transfer, and nonspecific 


3 The training data of Groups V(SR-1):T (SR-1) 
and T(SR-1):V(SR-1) were omitted from tl nal; 
sis in order to retain an equal number of Ss in each 
cell of the factorial design. However, the mean 
number of trials to criterion for initial Kong 
these groups were nearly identical to those of E: 
corresponding SR-1 groups used in the analy 
These values were 4.7 for vision and 8.2 for touch- 


FACTORS IN INTERSENSORY TRANSFER OF FORM 


E o» was the other. Significant differ- 
F(t s 34) - notéd between sense modes, 
Me phe AD o es 
S o „experience, F(2, 54) = 18.76, 
teraction i: he Modality X Experience in- 
En T. s ced significance (F < 1) indi- 
and E ws the differences between training 
ia d er conditions were symmetrical 

T he two sensory modalities. 
E A further the effects of type of 
range A on transfer, a Duncan multiple- 
iT Fits as performed using a protection 
Eu Sin (Edwards, 1968). This test re- 
kondit dat the specific intermodal transfer 
fo crit on required significantly fewer trials 
E cun than either the original learning 
d or. the nonspecific intermodal 
not an condition while the latter two did 

Ner rex significantly from each other. 
S a URP the results of the analysis 
idic; ees and the associated Duncan test 
Nus = e that positive intermodal transfer 
ien ded in this experiment, that such 
and P was symmetrical across modalities, 
act iat the contribution of nonspecific 

ors to this effect was negligible. 
„intermodal versus intramodal transfer 
e ee Pet namely, V(SR-1):V (SR-1) 
EUR T (SR-1), learned. the paired- 
iud iate task to criterion during training 
then, 


Stim continued with the identical 
p pii responsa units during the transfer 
Bondi of the experiment. Every S in these 
d. At correctly named all of the stimu- 
fo on the first transfer trial. This 
the T: performance of one trial was used as 
M dase line for evaluating any perfor- 
Set es decrement associated with transition 
ween the sensory modalities. 

ma ccordingly, the efficiency of cross- 
ane al relative to intramodal transfer was 
" essed by comparing the transfer stage 
ee of Groups V (SR-1):V(SR-D 
ofti (SR-1) :T(SR-1) to the transfer data 
he specific cross-modal Groups T(SR-1): 
V(SR-D and V(SR-1) TSR), respec 
dm The mean number of trials to cri- 
of E or both intramodal conditons was, 
MC: 1. By contrast, the mean 
B of trials to criterion was 2.3 in 
E a transfer from touch to vision 
-8 in transfer from vision to touch. 
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Direct statistical tests of the differences be- 
tween the cross-modal and intramodal 
transfer conditions were precluded by the 
lack of variance in the intramodal data. 
However, in order to insure that these dif- 
ferences were statistically reliable, the 5% 
confidence intervals were computed for the 
means of the cross-modal conditions. For 
both modalities, these intervals excluded 
the mean of the intramodal groups. Thus, 
the data reveal a statistically significant 
performance decrement associated with the 
transition between the sensory modalities. 


DISCUSSION 


This study was designed to assess the role of 
and specific factors in intermodal trans- 
fer between vision and touch. Positive trans- 
fer effects that were symmetrical across modali- 
onspecific components 
substantially to 


general 


ties were noted and n 
were not found to contribute 
this result. 
An import 
present investig: 
paired-associate 
was employed 
stimulus encoding in 
sensory modalities, 
must and do vary. 


ant methodological feature in the 
ation was the use of a self-paced 

paradigm. This procedure 
in order to allow equivalent 
asituation where, between 
effective encoding times 
It might be argued, how- 
ever, that the self-determined time procedure 
introduced a source of confounding into the 
trials to criterion evaluation of transfer used 
here. The apparently large contribution of 
specific relative to nonspecific transfer com- 
ponents may be due to the fact that in the 
specific transfer conditions, Ss simply took 
longer inspection times before responding and 
thus, required fewer trials to learn the transfer 
task. While this is a possibility, there is strong 
reason to believe that it is remote and that if 
inspection time differences did occur, they 
would have been in the direction of longer 
times for the nonspecific transfer Ss. Zacks 
(1969) has reported that when Ss are given free 
inspection time in a paired-associate paradigm, 
there is a significant positive correlation be- 
tween study time and item difficulty. In ad- 
dition, inspection times after errors tend to be 
twice as long as after correct responses. 
Clearly, long inspection times tend to be as- 
sociated with increased not decreased difficulty 
in self-paced paired-associate learning. All in 
all, it appears that the positive intersensory 
transfer noted in this study can be most par- 


simoniously interpreted in terms of specific 
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Š 
Stimüluis-respon kiha tions and not a meth- 
odological artifact. 

As indicated earlier, 
plain intersensory 


Although 
as not designed to 
these approaches, 
the data have meaning for both of them. The 
rement in crossing 
been noted in this 


nomenon of intersensory 
other things, such a decre 


from (a) insufficient stren: 
sociations or resi 


transfer. 


common to the modali- 
inability to utilize the 
completely in joining 
the cross-modal task, 
actors such as these un. 
€ decrement in the inter- 


alities should be assessed 
in future experiments, 


- More Specifically, the 
ning for visual and haptic 
lly similar in the early 


as probably 
of the tactual 
gures described 
larger and had 
The increased 


figures used by Gaydos; the fi 
in his report were considerably 
more gross contour variation, 


tactual differences in init; 


terpretation is consistent with Walle's (1965) 


in the learning of forms 
are highly dependent 
of the forms employed. 
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Redundant-sti s pai ; : 
PA earring prem LA v B p:0) were practiced to different degrees of 
college E l; 2,3; 5, 1 Perfect, or > Perfect trials) by 12 subgroups of 
TE taa ss b sd the subgroups were tested for intercue a ations and 
pi tie dem A eue e lection, The Ss were observed torely almost exclusively 
Reve Hee d cues at all stages of learning. Prior to overlearning (5 Perfect 
E erie : no ev idence for the existence of either trigram:response or 
xu ome di LH jr Following overlearning, however, a parallel in- 
as observed in the a ailability of both trigram:response and trigram: 
It was concluded that the hypothesis of indirect association 
1es and responses (i.e, trigram:word: sponse 
the parallel rise in availabi ity of 


ociations. 


word associations. 
of lower meaningfulness (M) cu 
“explian” 


associations) was sufficient to 
apparent trigram- response and 


BETIS reo ; 

Ing ee neki between stimulus mean 

Paired-ase (M) and stimulus selection in 

Students sociate (PA) learning by college 
is a relatively well-established 


Phe 
Nome 
elect S he College Ss almost always 
-d » 
e more meaningful of two cues for 
lus during PA 


Ise + 

as thei F 1 

Carnin their functional stimu 
g. That this relationship is a 


gene 

Neral one i 

tion Fines is attested to by the observa- 
at two different stimulus redundancy 


it 


aradi 

igr d aan Ras 

ae have yielded similar findings. 

ow-M trigrams were combined with 
Ss were 


lors t 
vta form compound cues, 
pe meg pi rely almost exclusive 
Houston, or recall of the responses (e.g; 
Ekstrand aged, Underwood, Ham, & 
Tigrams | 1962). Similarly, when low-M 
orm Me em combined with words to 
rely pound stimuli, Ss were observed 
e.g. primarily upon the word cues 
Bio, amies & Greeno, 1967; Spear, 
i. nd, & Underwood, 1964). 
E os Pies, results from both the color- 
adigms ang word-trigram redundancy par- 
Tigrams) v shown that the lower M cues 
usually acquire at least some 
pates by United 


Pan: 
Osas, pic Health Service Research Grant HD 
e third author was the principal investi- 


ly upon 


iT 
„This 

re: 3 E 

search was supported, in part, 


ator, 
be sent to Franklin 


2 
Re 
A ‘quests ; 
M sts for reprints should 
Columbus 


` Berry 
College d Department of Psychology, 
* Now ouibus Georgia 31907. —— 
at Southeastern Louisiana College, Ham- 


mong : 
d, Louisiana 70401. 


trigram: word 


associations. 


PA learning, although 
low-M trigrams are not selected with nearly 
the same frequency as words. However, 
the repeated finding that 5s do attend to 
the trigrams raises the question of just how 
these cues enter into associative learning. 
Two alternative notions were offered 
by Underwood et al. (1962) to account for 
the role played by low-M trigrams during 
PA acquisition : a) The trigrams are 
associated with their respective 


cue value during 


directly 

responses such that trigram : response as- 

sociations are formed, and (b) the tri- 
ted with the more 


ctly associa 
ts of the compounds ani 

directly associated with 
as experimenta 


grams are dire 
gful elemen 
these, in turn, are 


the responses. Inasmuch 
evidence has accumulated for the existence 


of cue:cue associations in both the color- 

trigram (Birnbaum, 1966) and the word- 

trigram (Spear et al., 1964) paradigms, the 
direct association an 


choice between the 
the indirect association hypotheses is no 


simple matter. 

A methodologica 
ng the indirect- 
must be recognized. 
forward approach to inferring 
of cue:cue associations, viz., 
ch up cues presented together as à 
d during PA learning, is not 
alytical to permit unequiv- 
about the availability © 
Spear et al. (1964) 


meanin 


] difficulty inherent in 
association hypothesis 
The most straight- 
the existence 
S's ability 


testi 


to mat 
compoun 
sufficiently an 
inferences 


ocal 
ciations. 


intercue asso 
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were first to point out that successful 
cue:cue matching could be response me- 
diated. That is, if Ss form separate 
associations between each of the stimulus 
components and the correct response, then 
it is possible to match appropriate compo- 
nents by linking together a “forward” and 
a "backward" association involving a 
common response (Si: R:S; or Sə: R:S,). 
Steiner and Sobel (1968) devised direct 
tests of such chaining in a color-word, 
redundant-stimulus PA investigation. 
While they found no evidence for the 
Si R:S chaining mechanism, they did find 
clear support for the availability of cue:cue 
(color: word) associations. 

The goal of the present study was to 
provide further information concerning the 
acquisition of both interstimulus (S-S) 
associations and stimulus-response (S-R) 
associations during redundant-cue PA learn- 
ing.* The word-trigram redundancy para- 
digm was employed, and both S-S and S-R 
associations were measured at different 
degrees of PA learning. The S-S associa- 
tions were measured by matching tasks and, 
for strict comparability of S-S and S-R 
conditions, S-R associations were likewise 
measured by matching tests. It also 
should be noted that Previous investigators 
have recognized the importance of examin- 
ing the variable of degree of learning in the 
color-trigram (Houston, 1967) and word- 
trigram (James & Greeno, 1967) redun- 
dancy paradigms, However, these studies 
have focused only on cue: response associa- 
Hons, and they have not produced entirely 


consistent findings (see Berry, Joubert, & 
Baumeister, 1971), 


METHOD 


rection, 12 subgroups were 
associations. The effects of differential 


pt he present usage of S-S as opposed to S-R as- 
sociations s congruent with the operatio used to 
measure intercue and Cue-response associations, re- 
spectively; it in no Way reflects à Presumption as to 
the ultimate nature of what is learned by S. 
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of words and trigrams were controlled by providing 
Ss cards bearing all word cues or all trigram p 
respectively. For example, Ss were handed the ae 
containing all the trigrams when tested for wor D 
trigram associations. The measurement of cue:re- 
sponse associations was accomplished with a within- 
Ss design: a given S practiced the pairs until he 
reached a prescribed criterion, and then he was tested 
for response recognition to: (a) words and trigrams 
presented together as in PA learning (control), (b) 
words only, and (c) trigrams only. The Ss tested 
for cue:response associations were provided a card 
containing all the response digits during the cue- 
selection tests. The order of presenting the cue- 
selection tests was controlled by use of a balanced 
Latin square at each stage of learning. 
Subjecis.—The Ss were 114 students enrolled at 
either the University of Alabama or Southeastern 
Louisana College. They were randomly assigned to 
treatments by means of a random number table (all 
protocols were randomized before the experiment was 
started). 
Apparatus, lists, and materials.—The apparatus 
consisted of a Kodak Carousel slide projector, a pro- 
jection screen, and associated timers and relay cir- 
cuitry for automatically timing slide presentation 
intervals. The basic list of word-trigram PAs was 
formed by randomly combining high-M words 
(Noble, 1961), low-M trigrams (Krueger, 1934; Wit- 
mer, 1935), and single digits. The trigrams, as in- 
dexed by the number of. repeated letters, were of rela- 
tively high formal similarity. Similar trigrams were 
used to minimize the effectivenss of single-letter cue- 
selection strategies. The list consisted of; CAT 
+ BWD:0, CAR + BXD:1, BAG + DWK:2, new + 
XYH:3, MAN + GVS:4, Boy + DXH:5, DIE + NxQi6, 
BED + GWS:7, DAY + NHQ:8, and Now + xrH:9- 
he three transfer test lists which were derived from 
the OL list were: (a) control list—both the words and 
trigrams were presented; (b) word list; and (c) tri- 
gram list. erms were not present on 


was employed. On test trials, S was requested to 
call out the digit p 


previously paired with each redun- 
dant stimulus. Four random orders of study slides 
and four different random orders of test slides were 
used. An equal number of Ss was started on each of 
the four study slide orders. For study and test 
trials, the compound stimuli were presented always 
on the left side of the slide, one above the other (the 
words appeared above the trigrams for half of the 
stimuli and the trigrams appeared above the words 
for the other half). On successive trials the position 
of each stimulus component was alternated, eu 
above, below, above, below. For any given ie 
however, a particular stimulus component ia Bre. 
sented in the same position for “study” as for “test. 3 
The Ss practiced the PAs to their assigned perfor: 


" 


RN criterion, and then they entered the transfer 
(na end phase was begun immediately fol- 
ince paaka ach 5 y read the appropriate 
i The Ss tested for cue:response 
E deos par m" the words alone, the tri- 
Esther ina cds me the words and trigrams to- 
Brdéts of HN [pa alanced fashion. Three different 
ES Wes ists were used to measure these associ- 
with E eua number of Ss (N = 3) wi 
oes ad en None of these orders duplicated 
wee s ies in the experiment. The Ss 
sociations ke ^ or the development of cue:cue as- 
(N= s) ees shown either the word stimulus alone 
Were require * trigram stimulus alone (N — 5) and 
cse RA sen match it with the other stimulus 
Senna: a ce m tasks were S-paced and no 
se RE Gr cuews he were encouraged but 


RESULTS 


cone learning. —Several analyses were 
ed in test the assumption. that the 
about e subgroups in the design were 
o ee in PA learning ability. As all 
only ee led to the same conclusion, 
involved. are reported. The first analysis 
or S-S; only the subgroups to be tested 
or En e (either trigram to word 
ie n to trigram), and it was based on 
es of correct responses that each 

3 lere ved on the first trial of PA learning. 
ane A ere a total of 12 subgroups in all, 
Dow. LPS (each N = 5) at each of 6 
or th e levels of PA learning. The means 
2 x6 subgroups ranged from 1.2 to 4.0. 
Learn; 6 (Type of Subgroup X Degree of 
hat ire) analysis of variance indicated 
areg were no significant sources of 
e (all Fs < 1.0). Since the pairs 

P Subgroups from each of the 6 levels of 
Ko aming were not different, their data 
combined to yield 6 subgroups (each 

3 E on and these were compared with 
associ subgroups to be tested for S-R 

E om (each N = 9). The means of 
ranged responses for the GSR subgroups 
Second en 1.3 to 2.9. The results ofa 
X 6 (Type of Subgroup X Degree 

the ent analysis of variance supported 
Which yah that the S-S and SR subgroups 
Perfo ME to be contrasted in transfer 
rmed comparably in PA learning 


t Raa D 


li 
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W+TER 


MEAN CORRECT MATCHES 
ha 


2 5p (10.6) 


1 2 3 5 1P (6.6) 
DEGREE OF LEARNING 
Fic. 1. Mean correct matches for the S-S 


(W:T) and S-R subgroups (W+T = compound cue; 
W = word cue; T = trigram cue) when scoring was 


by a single criterion. 


Transfer —The first analysis involved the 
12 S-S subgroups, 2 from each of the 6 
levels of PA learning. A2x6 (Direction 
of Recall X Degree of Learning) analysis 
of variance was performed on the number 
of correct S-S matches achieved by each 
S. The means for this analysis ranged 
from .4 to 2.6. As the analysis revealed 
that direction of recall was not a significant 
variable, F (1, 48) = 1:4, $> .05, a 
decision was made to pool the matching 
data for each of the pairs of subgroups 
trained to the same level of PA learning. 
The combined means of correct word- 
trigram (W:T) matches are shown in Fig. 1. 
(It should be noted that the designation 
W:T is an arbitrary convenience as T:W 
and W:T matching data are both rep- 
resented in these means.) 

Figure 1 also presents the mean numbers 
of correct matches for the S-R subgroups 
presented compound cues (W+T:R), 
words alone (W:R), and trigrams alone 
(T: R). The curves for the S-R subgroups 
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tested under single-cue conditions (W:R 
or T:R) reflect single-criterion scoring. 
That is, a correct response to an individ- 
ually presented cue (word or trigram) was 
the sole criterion for inferring that that cue 
was S's functional stimulus. Inspection 
of Fig. 1 suggests that the words Were most 
often selected as the functional cues for PA 
learning. Indeed, the W-+T:R and W:R 
curves are indistinguishable across trials. 
Figure 1 also shows another typical result 
for redundant-cue PA learning, namely, 
that the trigrams account for a small 
number of correct responses. Finally, it 
can also be seen that the curve for the 
performance of the S-S subgroups on the 
word-trigram matching tests is striking 
similar in form to the curve for the S-R 
subgroups on the trigram-response test, 
Two separate analyses of vari 
used to test the trends suggested in Fig. 1. 
In the first, involving only the S-R sub- 
STOUDS, correct responses were analyzed 
ina3x6 (Type Cue x Degree of Learn- 
ing) mixed analysis of variance. Both 
main effects as well as their interaction 
Proved significant: (a) type cue, F (2, 96) 
= 218.0; (b) degree of learning, F (5, 48) 
= 16.6; and (c) interaction, F (10, 96) = 
5.3, all ps < .01. Simple-effects analysis 
showed that no significant differences 
existed between the W+T:R and W:R 
conditions at any stage of learning, and, 
also, that both were superior to the T:R 


ly 


ance were 


condition at all learning stages. Similarly, 
degree of learning was Significant with 


Tespect to each cue condition 
effect was far less 
condition, F (5, 48) = 2.0, $ < .10. 

A second analysis was performed to 
compare the performances of the W:T 
and T:R Sroups at each stage of learning. 
Only the degree of learning main effect 
was significant: F (5, 102) = 3.8, P < .01. 
Subsequent ¢ tests showed that performance 
following 5 Perfect trials was significantly 
greater than that following all other stages 
of practice (all ? < .01); no other compar- 
isons yielded significant differences, 


, although the 
Pronounced for the T:R 
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Discussion 

These results confirm the now common 
observation that college students tend to 
select the more meaningful of two redundant- 
cue elements for completion of the associative 
stage of PA learning. As in earlier studies 
using either the color-trigram or word-trigram 
paradigms, the higher M cues (words) were 
found to be completely effective stimuli for 
associative learning. 

But what of performance based on the 
trigrams? As indicated in Fig. 1, there is no 
evidence for the availability of T:R associa- 
tions prior to overlearning; at all other stages 
of practice, T:R matching can be accounted for 
on the basis of chance. A similar conclusion 
appears to hold for the W:T data (see Fig. 1). 
In effect, this means that the indirect hypoth- 
esis probably received only one reliable “test, 
the 5 Perfect trial comparison. In this test; 
the predicted equality of apparent T:R assoc- 
iations and W:T associations was upheld. 
Another finding, which is also congruent with 
the indirect hypothesis, emerges from & 
consideration of the transfer test perform aa 
of the S-R subgroup receiving extended P? 
practice. For this group, the indirect hypoth- 
esis must predict that any S who was able to 
complete a correct T:R match for a PA pain 
must also be able to complete a correct W OR 
match for the same PA pair. This was in 
fact what occurred (See Fig. 1, recalling that 


the different S-R associations were measured 
within the same S). 
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Both studies show 
limited to pairs pre 
Pairs and also that 
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mes and Greeno (1967). 
that trigram selection i$ 
viously learned as W:R 
Such selection tends to 
occur only after all pairs in the list have been 
learned. In addition, the present findings 
suggest that the apparent increase in the 
availability of T:R associations following 
overlearning occurs as a result of intercue 
mediation, in support of the indirect association 
hypothesis. Although the present overlearning 
findings of a parallel tise in T:R and W:T 
associations can be "explained" parsimoniously 
by the indirect association hypothesis, E 
possibility remains that Ss of the pe 
experiment formed independent. trigram :r! 
Sponse and word:trigram associations. m 
In an effort to demonstrate some generalit ud 
concerning cue selection, we shall compare Mr 
estimates of T:R availability following E " 
criterion, criterion, and postcriterion lev Sn d 
learning with earlier ones from previous W 
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R hache js were only about 10% correct 
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availabilty ist mastery Our estimate of T:R 
y, 11% (following 1 Perfect trial; 
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rom al ity obtained in these studies extend 
about 5% to about 50% of the pairs. 
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tion of hese values so discrepant? An examina- 

that th the word-trigram literature suggests 

Ee thane ne to this question probably 

Used tö the different methods which have been 
present the word-trigram cues during 
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A lees 
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& Musgrave, 1964; their LH-L 


Condit; 

ist ee occurred when all trigrams in the 
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irigra BEEENO} 1967, Exp. I) occurred when 
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neither the Be emi et al., 1964, Exp. 1; but, 
ina conetetent pueden a bep 
studies. Rather, th ight orientation Hi Hess 
ach stimulus 1 . positional onentengn of 
Laden n — ie varied on each 
pes andor in Um e, below, above, 
a s . A further comparison of 
the two studies reveals that they differed most 
} in the characteristics of the 
trigram cues. In the present work, trigrams 
with many repeated letters were used, but in 
the earlier experiment, trigrams with few 
repeated letters were employed. It is highly 
probable that our criterion estimate of T:R 
availability is lower than that of Spear et al. 
because the opportunities for single-letter cue 
selection were minimized in the present 
investigation. 
Postcriterion estimates. 
mates that T:R connections are 
following overlearning. Only one previous 
word-trigram study has been concerned with 
the effects of overlearning on T: R availability, 
that of James and Greeno (1967, Exp. L Il; 
III). Their estimates of T:R availability 
following 10 practice trials beyond list mastery 
(1 Perfect trial) are only roughly comparable 
to our own estimate of 25%. All four experi- 
ments are, however, in close agreement 
concerning the observation that T:R avail- 
ability increases as à function of overlearning- 
In summary, à comparison of the present 
results with the existent word-trigram litera- 
ture indicates that: (a) for precriterion levels 


of learning, Ss do not appear to process lower 
M trigrams for associative learning; and (b) 
for criterion and postcriterion levels of learning, 

ocess trigrams seems 
acement of 


ability that Ss pr 
cues and on the poss- 
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ngle letters from the 
as effective stimuli. Similarly, 
indicate that overlearning 
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STORAGE ASPECTS OF NOUNS PRESENTED UNDER IMAGERY 
AND ACOUSTIC CODING INSTRUCTIONS? 
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The effects of imagery and acoustic c 


sions of nouns with object referents an 


memory traces were tested by presenting 
on memory 


instructions followed by a recogniti 


paired with distractors, each pair hav 
Instructions to use image 
and decreased errors for 


similarities. 
correctly discriminated 


was no significant interaction between the ty 
distractor. The results were interpreted 
use imagery increase the discriminability o! 


object referents, (b) there is no evid 


dimensions with instructions to conce 
component of nouns with object referents. 


PM 
Eu une and Bower (in press) have 
Of a word ; v imagery as à component 
are pow and instructions to use imagery 
tional werful factors in recall using rela- 
earnir paradigms | (e.g; paired-associate 
used ng), where images are presumably 
tion 5 mediators. However, little atten- 
volved 1 been given to the processes in- 
under į in the storage of individual items 
ha ie Go instructions. lf one adopts 
multidin that the storage of items is on a 
968. prm basis (Anisfeld & Knapp, 
sion » diy 1970), an imagery dimen- 
Wong dir be dominant, particularly for 
that i e are easy to image such as words 
and Pato: to objects. The results of Rowe 
Sr fits, a (1971a) provide some evidence 
Words view by showing that individual 
struct; when presented with imagery in- 
Verbal dis. are more discriminable in a 
Words iscrimination task than individual 
rene, that were rehearsed by having Ss 

at them aloud. 

M Purpose of the present study 
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Sion as 1t relates to the stora; 


was to 
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Cholog, project in an advanced experimental psy- 
a LSY seminar. 

equesta 

b. Panes for reprints should be sent to Lowell 
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oding instructions on the storage dimen- 
d on the discriminability of the resultant 
80 words to Ss under different coding 
task where the words were 
ar images, similar sounds, or no 
d the number of word pairs 
all distractor types. There 
f instructions and the type of 
as showing that: (a) instructions to 
f memory traces for nouns with 
talitative change in storage 
ither an image or à sound 


ing simil 
ry increase 


pe o 


ence for a qu 
ntrate on € 


individual, object-referent words. This 


general problem can be subdivided into the 
following questions. First, since verbal 
labels are often associated with images, as 
occurs when words are used as stimuli, one 
major empirical question involves how these 
dimensions interrelate in the storage of 
image-evoking words. A second question 
concerns the extent to which these dimen- 
be manipulated by different 
nitiated by Ss. A third 
dependent on the second, 
nvestigation of the find- 
^aivio (1971a) concerning 
ce discriminability 
and other types of 


sions can 
attentional sets i 
question, which is 
involves further i 
ings of Rowe and 
the effectiveness on tra 
resulting from imagery 
instructions. 
Paivio and Csapo (1969) have shown that 
ge from its verbal 


the separation of an ima: 
label can be accomplished with rapid pre- 
ation of materials. The interest of the 


however, was in determining 
f verbal labels with images 
different attentional sets 
of Ss. Findings from this manipulation 
should be of value in determining the ex- 
tent to which an image code, independent 
of a verbal code, can be initiated and 
utilized by an individual at his discretion. 
If it is possible, through instructions to Ss, 
to separate an image from its verbal label, 
different types of errors should be apparent 
a recognition memory task based on the 


sent 
present study, 
if a separation o 
could occur with 
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similarity of the distractor item to the 
major dimension of coding, i.e., imagery or 
sound. With imagery instructions, there 
should be more errors and less items cor- 
rect, relative to controls, when distractors 
are similar on an image dimension, while a 
similar occurrence would be predicted when 
the distractors are homonyms, with instruc- 
tions to concentrate on the sound of the 
words. The latter Prediction is supported 
by the results of Cermak, Schnorr, Buschke, 
and Atkinson (1970). Another possibility 
would be that the imagery dimension 
might be dominant regardless of the type 
of instructions, in which case the distractors 
that are similar in imagery to the correct 
items would decrease recall and cause the 
most errors for all conditions, 


METHOD 

Subjects —The Ss 
students who ha 
experiments as 
Seventy-two Ss 


were introductory psychology 
d signed to participate in 4 hr. of 
a substitute for other course work, 
d contributed the basic data of the 
experiment while 59 additional Ss were used in 
evaluating the lists themselves, 

Experimental design and materials.—The experi- 
ment had a 3 x 3 mixed design with repeated mea- 
Sures on the second factor. The first factor was 
instructions (D. The three types of instructions 
representing conditions were Imagery, Control, and 
Acoustic. In the Imagery condition, Ss were told to 
concentrate as much as possible only on the image of 
the word. In the Control condition, Ss were told 
simply to learn as many of the words as they could, 
while Ss in the coustic condition were told to try 
to concentrate as much as possible only on the sound 
of the word, while repeating the word aloud, with- 
out thinking of it image. All Ss were told that they 
would later be asked to identify the words on a 
recognition memory task. The second factor was 
distractors (D), representing the type of distractor 
used in the recognition memory task, The distrac- 
tors were similar either on an Imagery dimension 
(nouns with different labels having a common re- 
ferent), an Acoustic dimension (homonyms), or had 
no apparent similarities (Control). The Ss were 
nested in Eroups of 24 within the instructions factor. 

All words used in the experiment were nouns that 
were judged by Es to have object referent: The 
assumption that was made in using words with ob- 
ject referents was that these words should be cap- 
able of evoking a “first-order” image from Ss. For 
«ample, “book” would likely produce a direct 
image related to the concept of a book whereas 
"democracy" might produce an image of a legislative 
building, a group of people voting, or some other 
Image associated with the Meaning of democracy. 
It also seems reasonable to assume that these words 
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would score high on an imagery scale such as une 
by Paivio, Yuille, and Madigan (1968). pel 
this assumption, the words were rated by 3 m. 
along with 14 other words chosen from the ionis es 
Paivio et al. to represent intervals throughout the 
7-point scale. The instructions of Walk Mb 
including his slight modification of the Paivio et a 
procedure, were used. Three of the first 10 ps : 
rated by 5s were words from the lower half of the 
Paivio et al. norms to assist Ss in forming represen- 
tative anchors. The mean ratings for the similar 
Image, Neutral, and Homonym word groups were 
5.81, 5.59, and 5.43, respectively. The correlation 
between the 14 common words from the present 
ratings and those of Paivio et al. was .97. A cand 
parison of mean ratings of the 14 common wor 4 
showed a mean difference of .26 with the ratings ol 
this study being lower, It seems fair to say that the 
criteria used in selecting the current words overlap 
considerably with the criteria that Ss use in judging 
words to be high on an image-evoking scale. 

The words used in the study were chosen without 
regard to word frequency, a dimens on which does 
not seem to be important in verbal discrimination 
tasks when the words are also high in imagery rat- 
ings (Rowe & Paivio, 1971b). The list of 60 word 
pairs shown in Table 1 were constructed to be used 
alternately between Ss as learning items and dis- 
tractors. Twenty word pairs were homonyms, 20 
had no apparent similarities, and 20 were words 
that the four Es rated as cr. ating a similar image 
with different labels. The pairs of homonyms used 
in the study were verified as giving different refer- 
ents by 25 different < who w shown the homo- 
nyms in scattered fashion for 1 sec. on a screen and 
Siven 7 sec. to write an association or function of the 


word. The criterion for inclusion in the list was that 


at least 75% of these Ss had to give responses that 
were judged to indicate different referents for each 
homonym in a pair. The judging was by consensus 
of the four Es. Of the homonym pairs used in the 
experiment, the average rating of different referents 
was 90%. This control was necessary to assure that 


TABLE 1 
List or TEsr-DisrRACTOR PAIRS 


Similar image Neutral Homophone 


Box-Carton 
Soil-Dirt 
Stream-Creek 
Shrub-Bush 
Street-Road 
Rug-Carpet 


Vein-Vane 
E E 


Bay 
Root-Lav; 


Dough-Doe 


Oar-Ore 

Officer-Policeman Surf-Serf 

s Air-Heir 
Hare-Ha Po 

Infant-Baby Stake-Steal 

Wharf-Pier 


Crock-Reef 
Snow-Zoo 
ney-Smokestack | Acid-Cable 
Pamphlet-Leaflet Eye-Hay 

s ome Gadget-Fender 


Cash-Cache 


*-Riches 
Froth-Foam 
Rock-Stone 
Branch-Limb 
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Seok has A b they would have a clear 
memory es S T e Rs Hm the recognition 
ulary d. e a ith 5 minimum influence from vocab- 
eist ie deficiencies on the part of Ss. 
BO p De 60 words used in the experimental 
EEA d Page of the same word type were 
indicated a is s Eu not tested, when pilot data 
Occupied dia penna ceiling effect. The buffers 
randUnilis rl ot five positions of the list and were 
D DES tlirbughbuE the rest of the list. 
ment in groups i Ss participated in the experi- 
to end id or less. Groups were assigned 
t eee in alternating fashion. The specific 
ware: s to Ss for the Imagery instruction group 


This is a s "T 
to show MD A norte d ] S going 
Ric. “che swords at : e al a time, ata 5-second 
secs ifs E will appear on the. reen for 1 
vanos owe by a 4-second blank time followed 
leno es ard, etc. As soon as you see a word 
Manil d s your eyes and try to form a distinct 
werd noes of the object represented by that 
the ane CON EEN ESE only on that object until 
the ea ve is shown. Please try not to repeat 
JG icti | ol the word at the ime time that you 

uring the word. This is difficult to do but 


sential for the success of our experiment. For 
SUPE if the word is “lion,” thi k only of the 
age of a lion without at the same time repeating 
If, After the words 


the s 
he sound of the word to yourse 
you will be asked to identify 


have 

eae been shown 

wil a of the images in à recognition task. You 
first have 7 practice words. Any qu ions? 

the Acoustic instruc- 


iis specific instructions for 

2 condition were: 
Pda an experiment on memorizing sounds. 
ü tine 1. instead of memorizing something like 
of E ; am going to ask you to remember sounds 
Aia 8 S L will show you 80 words one ata time, 
each ae rate on the screen. You will see 
blank um for 1 second followed by a 4-second 
soon oul followed by another word, etc. AS 
as you see a word say it aloud and listen 


carel - 
carefully to the sound components. Keep repeat- 
beat you will 


Bron word aloud, in time to the 

irata through your headphones. Try to concen- 
of ih ly on the sound components and rhythm 
Mor word without thinking of the image of Bie 
diffic io you repeat the. word aloud. This is 
Crier t to do, but essential to the succ ess of our 
pat ae For example, if the word is lion, 
the epee only on the sound of each phonemes 
Diigo sound, the 7 sound, the ah sound and the 
the eR iah un, la i ah un, la i ah un- After 
ideni s have been shown you will be asked to 
Vou up of the sounds in a recognition task. 
eee l first have 7 practice words. Any 

stions? 

Td. specific instructions for the Control condition 
to present 80 


I B š 
n this experiment, I am going 
5-second rate. 


v n 
Words to you, one at a time, at à 


Sigg agen con s the screen for 1 second fol- 

another ort etc IN lont oe followed by 

eas xd ies aue task is simply to try to 
have been shown fon MT les bis Me 
some of the words in : E: pere n, pr 
ee a sina recognition task. You will 
iene eil pong words. Any questions? 

À s were presented, in random order 
with respect to the conditions that they represented, 
Ss were given a sheet of paper containing an alter- 
nating arrangement, with respect to conditions, of 
the 60 paired words that were to be tested. The 
Ss were told to check the member of each pair that 
they felt had just been presented to them and state 
their confidence in their decision. The confidence 
scale consisted of three numbers where “j” was 
very confident, “2” was think so but could be wrong, 
just guessing. The Ss were then given 
stionnaire asking them to make an estimate 0! 
the average time they spent during the presentation 
of the words on the following: thinking of the image 
. thinking of the sound of the word; 


of the word; 
thinking of prior words; other. In addition, SS 


were asked if and how many words they might have 
missed seeing. Data from Ss were discarded if their 
questionnaires showed that they had not spent the 
largest amount of time during the presentation o 
the words concentrating on the sound of the word i 
they were in the Acoustic condition, or concentrat- 
ing on the image of the word if they were in the 
Imagery condition. Data from Ss were also dis- 
carded for those Ss who reported that they mis 
seeing more than one item. Each group had an 
average reported miss rate of .004 per word. Fifteen 
Ss were di rded for failure or inability to follow 
instructions 4 ccording to the previously mentione 

criteria regarding sound and imagery, and 7 were 
discarded for missing more than one item. In dis- 
carding data, the questionnaires were kept separate 
from the remainder o Ss’ data to assure that re- 
jection decisions, based on questionnaires, would be 
independent of all other data. The Ss that were 
climinated on the basis of questionnaires were re- 
placed by additional < in order to maintain an 


of 24 in cach cell. 1 
The words were shown in a darkened room with 


the projector beam blocked between presentations. 


The purpose of the darkened room was to facilitate 
concentration and to provide a contrast background 
from which the f ds on the screen would 
attract the atten 


ash of the wor 

tion of S. An additional atten- 
tional cue was the sound of the projector changing 
slides. The 1-sec. showing of the word was ac- 
complished manually with a projection tachisto- 
scope set at a 1-sec. exposure. The purpose of the 
1-sec. showing followed by the 4-sec. blank time was 
to minimize the effects of perceptual cues involved 

in the physical structure of the words 
In the Acoustic condition, Ss rehearsed the words 


out loud in time to a 1-sec. beat of the metronome. 
The Ss in this condition were required to wear head- 
phones to block out the sound of others re 


hearsing. 
The sound of the metronome was amplified over 
a speaker syste 


m so it could be heard over the muf- 
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TABLE 2 


AVERAGE PERCENT OF TIME THAT SUB JECTS 
REPORTED ATTENDING TO VARIOUS 
COMPONENTS OF THE Task 


Instruction Word Word Prior 


cond, sound image words Other 

r 17.04 66.67 9.79 6.50 
aed 23.13 28.33 29.38 19.17 
Acoustic 56.13 17.50 13.04 13.34 


fling effect of the headphones. The Ss were also 
placed about 12 ft. apart during this condition. 


REsULTS 


The average amount of time that Ss 
in each condition reported spending think- 
ing of the image or sound of à word, think- 
ing of prior words, or thinking of something 
else is shown in Table 2. From Table 2 it 
is apparent that the instructions did dif- 
ferentiate attention times between imagery 


Mean NUMBER Correcr AND ERRORS wr 
ALL DATA FOR THE TYPES or D. 
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and sound. However, in no case did an S 
report total attention to one category. 

The data were scored according to three 
criteria: (a) number correct and number of 
misses for items with a confidence rating 
of 1; (b) number correct and number of 
misses for items with a confidence rating 
1 or 2; (c) number correct and number of 
misses for all data. The purpose of separat- 
ing data based on confidence ratings was to 
increase the sensitivity of the design. The 
highest confidence rating, 1, contains very 
few errors as shown in Table 3, and should 
most accurately reflect the effects of the 
conditions. The percentage of number of 
items correct over the total number of 
items marked within each confidence rating 
is shown in Table 4. The scores in Table 4 
demonstrate that the confidence ratings 
Were separating data along a sensitivity 
dimension. The only exception to this 
conclusion, ratings of 3 in the Imagery 


TABLE 3 


TH CONFIDENCE RATINGS OF 1, or 1 OR 2, OR USING 
STRACTORS AS A FUNCTION oF INSTRUCTIONS 


Distractor type 
Inopuedon Similar image Neutral Homophone R 
Correct. Errors Correct Errors Correct Errors Correct. Errors 
qs 
Imagery 16.13 21 18.25 .08 17.83 3 
Contro 12.54 75 14.80 46 14.66 $3 1333 160 
Acoustic 13.29 38 14.08 47 166 | P HO) | 332 
X | 13.97 45 15.44 240 | 14572 | 54 14.91 3 
I | = 
“Ts” or “2's” 
Imagery 18.50 79 19.25 29 | 18.5 2 
y 8.: 3 2 2 54 1.08 18.76 E 
Control | 15.50 L79 | 16.00 1.33 16.83 1.25 16.11 1.46 
Acoustic | 16:58 1.29 17.00 .70 16.63 1.46 16.74 1.15 
x 16.86 1.29 17.42 17 17.33 | 16 17.20 1.11 
— lu NIU 
E All data 
Imagery 18.87 1.13 | | 5 
; : Sr 19.58 42 18.9. i 19.14 86 
Control um | 398 | 1784 | of? 0751 | du 1746 | 254 
Acoustic 17.79 221 1841 1.59 17.79 221 18.01 1.99 
5 586 | mug | 1851 149 1824 | 136 18.20 1380. 
Note.— Based on 20 item lists, 
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TABLE 4 
» PEN 
PERCENTAGE CORRECT WITHIN CONFIDENCE RATINGS OF 1,;2, ord 


Distractor type 
Instruction 
cond, Similar image Neutral Homophone 
1 2 3 1 2 3 1 2 3 
Imagery | 387/3 : 
392 | 57/71 9/17 | 438/440 | 24/29 8/11 3 
/ 24/2 428/44. 2. 
99 80 53 99 83 43 Em äi E rd 
Control 301/. 7 
S 329 | 71/95 35/66 336/347 48/68 37/65 | 3532/3 5 
9 / 3 2/366 | 52/64 0 
" 94 45 353 97 Mj 57 .96 i | 
Acoustic 319/328 | 79/97 55 7 
E 5 33/55 | 338/342 70/82 34/56 | 352/362 47/72 29/41 
97 B1 .60 .99 .85 61 97 (4 E 
Note, — 7 
e.—Total N was 480, based on 20-item lists for 24 Ss. Numbers 1, 2, and 3 indicate confidence ratings. 
The analysis using all the data, irrespec- 


instructi 2. 
to V miis Ea had an N too small 
A. à reliable percentage. 
a P rmm ofvariance for the data with 
asignifcant Eus of 1 showed. there was 
conditions at erence between instruction 
viously as with the Imagery group ob- 
F (26 superior to the other groups, 
iie 59) = 9.08, P< 01, The type of 
dA wd was also significant, F (2, 138) 
of v; 36, p < Ot, with the major source 
la ariance coming from à decrement in. the 
Call of the Similar Image words. The 
p interaction that would be predicted 
ing 1e basis of different instructions creat- 
fb coding on different dimensions was not 
ound, P (4, 138) = 1.17, P > 05. In 
i is four cells where the interaction 
Nec be predicted (II, 14, Al, AA) show 
fir, Similar patterns. The Imagery !n- 
truction condition had an average © 
"M fewer items recalled „when the dis- 
Actor words were similar in image cont 
P e to when the distractors were homo- 
T while a value of 6.8576 for this 
hide was obtained when Ss were 10- 
of th ed to concentrate only on the soun 
the S words. The analysis of the data for 
Seige 1 and 2 ratings showe a 
=7 NES effect for instructions, F (2, 69) 
cant D p< 01, and a marginally signifi- 
-2 89 ect for distractor type, F (2, 138) 
Was ima, p< .06. The IX D interaction 
=? an MURUS significant overall, F (4, 138) 
the i5 , p <A, but almost nonexistent 1n 
ur cells of major interest. 


E 


tive of confidence ratings, showed a signifi- 
cant effect for instruction conditions, 
F (2, 69) = 7.62, p < .01, with Imagery 
instructions having the highest scores, but 
no significant difference (æ = .05) for the 
IX D interaction.  Distractor type was 
significant, P (2, 138) = 5.28, p < OL, 
with the Similar Image group having the 
lowest scores. As can be seen in Table 3, 
the pattern of results in the number cor- 
rect data is similar over the range of con- 
fidence ratings with the effects most pro- 
nounced at the “4" rating, where the 
sensitivity is greatest. 

An analysis of errors made on the data 
having the highest confidence rating is 
shown in Table 3. Although, within any 
single confidence rating, these data are in- 
dependent of the number correct data, the 


pattern of results is somewhat similar. 
The Imagery instruction condition and the 
Acoustic instruction condition have the 
fewest errors, although the difference be- 
tween instruction conditions was not signifi- 


p (2,69) 1.70, p > .05, perhaps 
The I X D inter- 
action also was not significant. Type of 
distractor was significant, F (2, 138) = 

5, with the Neutral distractors 


3.81, p < 05 
having the fewest errors. For misses with 


a confidence rating of 1 or 2, the differences 
between instruction conditions were signifi- 
> (2, 69) = 3.30, p < 05, with the 
roup having the fewest errors and 


cant, 


due to à ceiling effect. 


cant, 
]magery 8 
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the Control group the most. Distrantor 
type was also significant, F (2, 138) = 5.29, 
p < .01, with the Neutral group having the 
fewest errors. The I X D interaction was 
not significant. Because of the forced- 
choice technique used in the experiment, 
the error classification for all the data show 
the same effects as the number correct 
classification for all the data. 


Discussion 


The most striking feature of the results is 
the magnitude of the effect of the Imagery 
instructions on word discrimination. Within 
confidence ratings of “1,” Imagery instructions 
increased the number of pairs correctly dis- 
criminated in all distractor conditions by about 
25%. Since the words were presented in- 
dividually during learning rather than in con- 
junction with other words, as occurs in verbal 
discrimination paradigms (i.e., Rowe & Paivio, 
1971a), this study provides evidence for 
Imagery instructions directly eflecting the 
storage of object-referent words. With the 
present paradigm, the distractor item not 
occurring during the initial presentation, Ss 
had no Opportunity to store discriminating 
features of word pairs along with the words. 
"Therefore, the present study gives additional 
confirmation to the finding of Rowe and Paivio 
(1971a) that high-imagery words can be made 
more discriminable with specific instructions 
to concentrate on the images of the words. 

There does appear to be an interesting para- 
dox in the results. Imagery instructions had 
a highly significant eflect on the number of 
word pairs for Which a correct discrimination 
was made, but there was no significant Type of 
Instruction X Type of Distractor interaction, 
It was expected that Ss would not do as well 
on distractor items similar in image when 
given Imagery instructions as opposed to Con- 
trol instructions, One partial solution to this 
Paradox is to assume that the attentional sets 
induced by the instructions did not create 
single exclusive coding dimensions: instead 
the Imagery set made the words more dis- 
criminable by Strengthening an imagery com- 
ponent of the w at the same time 
weakening the i 
word discrimination, 4 hus, word pairs simi- 
lar in image could still be efficiently discrimi- 
nated. This view can account for the relatively 
accurate performance of Ss given Imagery in- 
structions combined With Similar Image dis- 
tractors, but it still does not account for the 
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finding that Imagery instructions a 
discrimination to a similar degree for all ais- 
tractor types. A more complete explanation 
might be to note that while the referents i 
the Similar Image group were similar, they 
were, in many cases, probably not identical. 
Therefore, the effect of Imagery instructions 
may have been to increase the distinctiveness 
of these referent pairs, as well as the referent 
pairs of the other groups, thus increasing the 
number of word pairs correctly discriminated 
in all distractor groups. . 

The effect of distractor type on discrimina- 
tion of the word pairs also merits comment. 
The Similar Image group had poorest discrimi- 
nation under all instruction conditions com- 
pared to the Control group. This decrement 
is not surprising in view of other recognition 
memory studies (Anisfeld & Knapp, 1968; 
Buschke & Lenon, 1969; Cermak et al., 1970) 
that have found confusion resulting from words 
that were semantically similar. Unfortunately, 
words with similar referents but different labels 
have the property of being Semantically similar 
as well as similar on an image dimension. 
Whether increased confusion in the Similar 
Image group results from a confusion of images 
or from semantic confusion of some type cannot 
be determined from this study. The results 
from Table 1 demonstrate that images were 
present in all conditions, making the imagery 
explanation at least tenable. In any case, the 
discrimination or decoding problem was not 
extremely severe since even though discrimina- 
tion was relatively lower in the Similar Image 
group, the total Correct was still high. 

The present Study did not confirm the decre- 
ment in discriminating homonym word pairs 
as found by Cermak €t al. (1970) and Buschke 
and Lenon (1969), However, these studies 
used words of all types rather than object- 
referent. nouns às used in this study. The 
implication is that when words have distinct 
object referents, these are sufficient to enable 
word-pair discrimination, independent of the 
similarity of sounds involved in the word 
labels. d 

As previously pointed out, the results of this 
study indicate that Imagery instructions ean 
make a memory trace more distinct when items 
are words with object referents. Thus it ape 
pears that instructions to use imagery not only 
facilitate the relational aspects of words r3 
documented earlier, but, contrary to the a 
ings of Bower (1970), Imagery instructions 
can, under the Proper conditions, affect d 
Storage of items as reflected in a recognitio! 


| 


Se e on the results of Rowe 
E f 71a) and. Bower (1970), these 
guns or imagery effectiveness in recogni- 
tala € involve the formation of single 
ud pee rp to compound images. 
eilianabe ced is needed to provide an 
eles. h- p amaton of why single images 
Wihin vena erently than compound images 
gnition memory. 
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SEMANTIC GENERALIZATION OVER A BIPOLAR 
DIMENSION OF MEAN 


PETER A. ORNSTEIN ? 
Princeton University 
AND 
DAVID A. GRANT, WILLIAM C. WATTERS 
University of Wisconsin 
In two experiments, semantic generalization was tested along a bipolar di- 
mension of connotative meaning. During acquisition, Ss were presented with 


Good stimulus words, i.e., words with positive connotations, Bad stimulus 
words, i.e., words with negative connotations, or with 


The task of the Ss was to press a button so 
one of two small lights which was contingen 


both types of material. 
as to anticipate the illumination of 
ton the connotation of the stimulus. 


During generalization testing, all Ss were Presented with 15 stimuli from 


various points on the Good-Bad continuum. 

gradients were obtained, with Ss responding most fı 
connotations were similar to the training words, 
less to those stimuli which were most dissimil. 


of semantic generalization following diff 


steeper than that following single-cue training. 
text effects among the verbal stimuli appea 


the words from their rated 


cise specification of the shape of the sema 
to be difficult. 


While semantic generalization is a well- 
documented, if somewhat elusive phenom- 
enon (cf. Feather, 1965; Maltzman, 1968; 
Razran, 1961), investigators working with 
classical conditioning techniques have had 
considerable difficulty in demonstrating the 
existence of stable monotonic gradients of 
generalization (e.g., Cole & Williams, 1966; 
Lang, Geer, & Hnatiow, 1963; Maltzman 
& Langdon, 1969; Mednick, 1957; Perry, 
Ornstein, & Grant, 1971). In contrast, 
semantic generalization is more regularly 
obtained with instrumental conditioning, 
macnn 
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Significant generalization 
requently to stimuli whose 
ss to neutral stimuli, and still 
ar in connotation. The gradient 
erential conditioning was only slightly 
Complex assimilation and con- 
ar to shift the “effective” position of 


positions on the Good-Bad continuum, so that pre- 


ntic generalization gradient may prove 


In these situations (e.g., Dicken, 1961; 
Mink, 1963), Ss are trained to respond to 
a set of words by pressing a button or 
pushing a lever, and generalization is typi- 
cally tested with a second list of words 
containing the original words plus addi- 
tional related test and unrelated control 
words. Kurcz (1964) modified this tech- 
nique to permit recording of the electro- 
myogram (EMG) from the muscles active 
in key pressing, in addition to overt re- 
sponses. Using this procedure, Cramer 
(1970c) has obtained the most convincing 
evidence of a gradient of semantic gen- 
eralization yet presented. Generalization 
was shown to be a linear function of the 
associative strength between the training 
stimuli and the test stimuli. ; 
The major purpose of the present experi- 
ments was to use an instrumental response 
to study the form of semantic generaliza- 
tion gradients obtained following single-cue 
and discrimination training procedures: 
The literature on primary stimulus gem 
eralization indicates that there is less vd 
eralization to distant test stimuli followin! 


— Y— 
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p training than following single- 
D. Harison (eg. Hovig; 1963; Jenkins 
bonn po oe erkins, Hershberger & 
fant, 1889. Reingold & Peeking, 1955). 
Eudienis ti differences in the slopes of 
interest ( have been of some theoretical 
1946. S eB. Hn, 1943; Lashley & Wade, 
Pace a the problem has not 
generaliz T in the context of semantic 
e ty thie nl The only experiment bear- 
yielded is point (Novak & Grant, 1965) 
que Rs evidence for less generaliza- 
id Ed e differential conditioning, but 
and is um E the shapes of gradients, 
Aja ifficult to interpret because of the 
ive lack of generalization observed. 
eed purpose of these experi- 
Dui Ro of establishing a reliable 
zation - or obtaining semantic generali- 
Decr ocean when generalization has 
Served amed the relative amounts of ob- 
OH aiia n and phonetographic gen- 
are infe: (Hartman, 1965; Razran, 1961) 
bles s ge by many important varia- 
1946. Ly include age (Reiss, 
tion | f ice & DiV esta, 1965), administra- 
ine drugs (Shvarts, 1960), or alcohol 
a e Murphy, 1966), and presence of 
Sens pathology (Peastrel, 1964). De- 
Used fie of a technique which could be 
Es to obtain reliable semantic generaliza- 
acilita a base-level sense 1S needed to 
itii further investigation of the phe- 
TI on and the factors influencing it. 
Se liegen adapted here is somewhat 
(1970; to that recently used by Cramer 
Unavail: 1970b, 1970c), whose work was 
initiate able when these experiments were 
Used but it also resembles in part that 
respo "y Buss (1961) with an instrumental 
classical’ and by Lang et al. (1963) with 
Dutton. conditioning. An instrumenta 
sien re response was chosen, and, 
Sponges xi recording implicit muscle re- 
Sing he Pe force exerted by Ss in depres- 
rast t yuttons was monitored. In con- 
Stimuli. Cramer's experiments, training 
testing were not used in generalization 
tes so that gradients of generalization 
bue mati by further discrimination 
“ining during testing could be obtained. 


h A 
e Ss were trained to respond to a set of 


words sharing a common meaning compo- 
nent, as defined by the Good-Bad scale of 
the semantic differential (Osgood, Suci, & 
Tannenbaum, 1957), which was employed 
because a well-defined bipolar dimension 
is necessary if the shape of the gradient of 
generalization is to be investigated. The 
polar extremes of this dimension are, in 
fact, opposites, and an intermediate point 
exists within the “neutral” category. Such 
a dimension was used by Acker and 
Edwards (1964) in a classical conditioning 
study, following up work of the Soviet 
investigator Volkova (1953, 1957). In the 
Acker and Edwards experiment, however, 
Ss were trained to discriminate between 
the words “Good” and “Bad,” and were 
then tested for generalization to words 
whose connotations varied on the Good- 


Bad continuum. 


EXPERIMENT | 


Method 

Experimental design.—Four major groups of 20 
Ss each were formed by the factorial combination 
of two variables, training and evaluation. Training 
refers to whether the acquisition stage involved 
or differential conditioning. Evaluation 
refers to whether Ss were instructed or not in- 
structed to evaluate the connotative meaning of 
each stimulus word. Each of these four groups was 
subdivided so as to counterbalance the end of the 
Good-Bad continuum which was positively re- 
inforced during training. These Good and Bad 
subgroups formed a positive-stimulus variable. All 
Ss received genera ation trials with words from 
three levels of a word-class variable, Good, Neutral, 


and Bad words. 
Stimulus mate 
from the semantic à tlas 
Suci (1958). Good stimuli had average ratings of 
1.0 to 2.0 on the Good-Bad scale; Neutral stimuli 
had average ratings of 3.5 to 4.5; and Bad stimuli 
i of 6.0 to 7.0, in the Jenkins 


had average ratings 
Within each group 0! * mulus words, 


frequency, a5 determined by the Thorndike-Lorge 
and part of speech, were balanced as well as 
The Good words used during training 
s follows: FLOWER, MUSIC, CLE N, RADIANT, 
while the Bad words were the follow- 
VIL, HURT, PUTRID, DISCOMFORT, The 
follows: Good— 
RACE! , SUNLIGHT; Neu- 
RIGID, QUOTA, MOLD; Bad— 
ANT, CRIMINAL. 

were projected by a 
of a 
screen 


single-cue 


rials.—The stimuli were selected 
of Jenkins, Russell, and 


et al. atlas. 


were 


timuli 


FR. 
—The 
asel slide projector onto the È 
20.3 X 25.4 cm. ground-gl 


SIN, RAGE, 
Apparatus. 

Kodak Carot 

rectangular 
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which was approximately 60 cm. in front of S's 
eyes. The slides appeared as white letters ae 
dark background, and the Projected letter heigl t 
was approximately 2.54 cm. The S was seated in a 
modified desk chair with two buttons in the center. 
These buttons were attached to two Grass Instru- 
ment force displacement transducers (Model FT 
.03C), and response pressure was recorded by an 
ink-writing two-channel Texas Instrument Oscillo/ 
Riter. A complete depression of the response 
button caused a pen deflection of 20 mm. In front 
of S was a small gray box upon which were mounted 
two small lights, which corresponded to the two 
buttons on the chair. Equipment sounds were 
masked by approximately 80 db. of white noise 
delivered through earphones. 

Procedure—All Ss were told that they would see 
a series of words, each followed often by the illumi- 
nation of one of the two small lights in front of 
them. The task of the Ss was to learn to associate 
the words and the corresponding light, and to 
anticipate the onset of the appropriate light by 
depressing the corresponding button when the 
word appeared. They were told that they must 
respond on each trial, but that on some trials no 
lamp would be illuminated. Further, one-half of 
the Ss in each group, as defined by the evaluation 
variable, were told to evaluate subvocally the con- 
notation of each word as it was presen ted, while the 
other half of the Ss were not so instructed, 

The S's arm rested on the arm of the chair, with 
her index finger on the left button and her middle 
finger on the right button. During initial training, 
Ss in the simple acquisition groups were presented 
with 15 trials of either Good or Bad words. The 
five training words were each presented three times, 
In these Sroups, the presentation of the stimulus 
word was followed always by the illumination of 
the right-hand light. The Ss in the discrimination 
training groups were presented with 30 trials of 
Good and Bad stimuli randomly intermixed, The 
five Good and five Bad stimuli were randomized 
within each of three 10-trial blo s. The Good 
stimuli were followed always by illumination of the 
right-hand light and the Bad stimuli were followed 
by illumination of the left light in one subgroup, 
and this procedure was reversed in a second sub- 
group, as defined by the positiv. 
The generalization test, given all 
presentation of 15 
Sented once, 


used during the generalization test, 
word Orders were employed during 
testing. 

Each slide was 
initial training, 
of 800 msec., 
for 400 msec. 
5 to 15 


imulus variable, 
5, consisted of the 


Two different 
generalization 


Presented for 1,200 msec. 


During 
following 


an interstimulus interval 
One of the two lights was illuminated 
The intertrial intervals ranged from 
i **c., and were programmed 
ansmitter. 
of 80 right-handed women 
y el c oductory Psychology courses 
at the University of Wisconsin, Were randomly as- 
signed to the eight experimental groups. All Ss 
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received class credit for their participation. en 
additional Ss were discarded, 8 because of bbs 
ment failure, 1 because she reportedly did Ta 
understand the meaning of the words, and 1 becaus' 
she did not respond at all. 


Results 


The response measure employed RS 
frequency of right-hand button depressions. 
To be scored, a response had to produce at 
least a 1-mm. pen deflection following a 
200-msec. level base line. Response made 
during the first 800 msec. of stimuli dura- 
tion during training and 1,200 msec. of 
Stimulus duration during generalization 
testing were scored. 

The simple anticipatory responses were 
learned equally well by all Ss during initial 
training. An analysis of variance, per- 
formed on the number of responses made 
to the positive stimuli during the last five 
Positive acquisition trials, indicated no 
differences among the groups. Further, 
the differential conditioning groups, which 
were exposed to both Good and Bad 
stimuli during acquisition, all showed good 
differential conditioning. An analysis of 
variance, performed on terminal discrimi- 
nation data, indicated no differences be- 
tween treatments; only the difference be- 
tween frequency of responses to positive 
and negative stimuli was significant, / 
(1, 36) — 657.79, p < .001. 

The generalization data, in the form of 
mean right-button responses as a function 
of class of generalization stimulus words 
are presented, for each of the eight groups 
in the upper panel of Fig. 1, Despite 
differences in the form of the gradient 
among the various groups, semantic gen- 
eralization along a bipolar meaning dimen- 
sion appears to have been demonstrated: 
The Ss trained to respond to stimuli a 
one extreme of a meaningful dimension 
responded most to stimuli of similar eod 
notative meaning, less to neutrally tors 
stimuli, and still less to those words pe 
were polar opposites. An orthogonal PoS) 
nomial analysis of variance (Grant, 19 
based on the number of right-hand "d 
Sponses made to each of the three pr^ 
gories of generalization stimuli was jer 
formed. In this analysis, the word-clé 
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GOOD NEUTRAL 
WORD-CLASS 


COR Mean number of right-hand responses 
in Exp ede of type of test stimuli for all groups 
(S) ct qnd I. The Ss received either single-cue 
(G) sm pun. (D) training with either Good 
Were Ped (B) words being reinforced. The Ss 
Wahine os (I) or were not instructed (N) to 
Exp, ‘ae Toremiy the connotations of the words in 
Stimuli q here were 15 or 30 trials with positive 
uring acquisition in Exp. Il. 


Ere. i. 


Neutral, Bad) was re- 
semantic-distance-from- 
Thus, the re- 
for the Bad 
od stimuli for 
bined into a 
y significant 


aes (Good, 
ice into a 
Hie, E ee variable. | 
groups to the Bad stimuli 
the c and those to the Go 
aer an groups were com 
Main aoe etc. The onl ; sig! 
F ect was due to semantic distance, 
Th 144) — 221.53, p « 001, M$. — 
rigger the observed generalization 
Com i This semantic-distance effect was 
1 pou of highly significant linear, F 

amg 2 = 365.22, p < "001, MS. = 1.39, 
Ms Wadratic, F (1, 72) = 6.17, p < -05, 
ea components. Further, sub- 
ent two-tailed / tests indicated that 
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all three points differed significantly from 
each other. 

There were three significant interactions. 
Inspection of Fig. 1 indicates that more 
responses were made to the Neutral stimuli 
by those Ss initially trained to respond to 
the Bad words than by those trained to 
respond to the Good stimuli. This resulted 
in a significant Positive Stimulus X Dis- 
tance interaction, F (2, 144) = 6.85, p< 
005, MS, = 1.16. This interaction is due 
largely to very significant differences be- 
tween the quadratic trend components of 
the two positive-stimulus groups, P uU. T2) 
— 16.96, p « .001, MS, = .93, reflecting 
the greater curvature of the gradient of the 
Good group. Subsequent two-tailed ¢ 
tests indicated that the Bad groups made 
significantly more responses to the Neutral 
stimuli than did the Good groups, £ (216) 
= 4.06, p < .01, but that the groups did 
not differ at the near and far semantic 
distances. 

The second significant interaction, that 
of Training X Evaluation, 7 (1, 72) = 
5.38 p< .05, MSS. = 1.71, can be seen in 
Fig. 1. The discrimination training groups 
made more responses than did the Ss given 
single-cue training under conditions of no 
instructions, while the reverse was true o 
the instructed Ss. Subsequent two-tailed 
| tests revealed that the only significant 
differences were between uninstructed Ss 
given discrimination training and unin- 
structed Ss given single-cue training, / (72) 
= 247, p < 05. The corresponding dif- 


ference under instructed conditions did not 


approach significance. 

The final significant intera 
x Distance, F (2, 144) = 
MS, = 1.16, is the most important for the 
purposes of this investigation. An exami- 
nation of the shape of the generalization 
gradients following single-cue conditioning 
and differential conditioning shows that 

r gradients of generaliza- 


sharper or stecpe i 
tion were obtained following discrimina- 


tion training. Confirming visual examina- 
tion of these curves, the trend analysis 
indicated that the Training X Distance in- 
teraction was largely a function of differ- 
es between the two training groups in 


ction, Training 
4.94, p « .01, 


enc! 
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linear trend components, F (1, 72) = 7.55, 
p< .01, MS, = 1.39. Subsequent two- 
tailed t tests indicated that the discrimina- 
tion training £roups were significantly 
higher at the near point, ¢ (216) = 2.13, 
P < 05, and marginally lower at the far 
point, ¢ (216) = 1.84, p < .10. 


Discussion 


Semantic generalization gradients based upon 
the evaluation connotation of the verbal stim- 
uli were apparently obtained following both 
single-cue and differential instrumental train- 
ing. The major aim of the experiment was to 
compare the generalization gradients obtained 
following these two types of training pro- 
cedures. As was predicted from the work on 
primary stimulus generalization (e.g., Jenkins 
& Harrison, 1960; Hoving, 1963), the gradient 
of generalization following discrimination train- 
ing was sharper or steeper than that following 


& Harrison, 1960). 

The two other obtained interactions were 
unexpected. The significant Positive Stimulus 

Distance interaction indicated that with 
the present stimuli at least, the transfer phe- 
nomenon was not symmetric. The interaction 
reflected the greater number of responses made 
to Neutral stimuli following training with 
Bad stimuli than with Good stimuli. This 
may indicate that “neutrality” with respect 
to polar extremes in the conditioning situation 
may be quite different from “neutrality” in 
rating words on the evaluative dimension. 

The evaluation variable was included in the 


to determine if additional 


d influence the amount of ob- 


The Train- 


ing X Evaluation however, was 


significant and is difficult to interpret. One 
Possibility is that the evaluation of connota- 
tive meaning is implicitly involved in the 
Process of discrimination, It is reasonable to 
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assume that Ss in the discrimination groups 
were more likely to evaluate the words speci- 
fically in the absence of instructions to do so, 
so that the difference between the discrimina- 
tion and the single-cue Ss would not occur 
under the conditions of instruction where the 
response of evaluation was explicitly demanded 
of all Ss. z 

Finally, although these data have been ig 
terpreted as providing an intermediate point 
in a semantic generalization gradient over a 
bipolar dimension, it should be noted that 
alternative interpretations are possible, First, 
this experiment may be viewed as a type of 
concept identification study. The Good and 
Bad words, while occupying polar positions 
9n the Good-Bad scale, also form a “Good 
(or Bag") concept or class, and can readily 
be labeled as such by all Ss. The Neutral 
Words do not, however, form such an identi- 
fiable class, Tt is possible that the inter- 
mediate position of the responses to the Neu- 
tral words, which here has been interpreted 
as occurring because of semantic generaliza- 
tion, may arise because Ss experienced some 
confusion attempting to classify the Neutral 
words into the “Good” or "Bad" categories of 
the training words. If the Neutral words 
also belonged to a readily identifiable category, 
Ss might have less difficulty in distinguishing 
between them and the polar training words. 
Under these conditions, the apparent semantic 
generalization. gradient might vanish, with 
responding being equivalent for the Neutral 
and nonreinforced (opposite) Good or Bad 
Words. Second, with respect to the slope 
differences between the single-cue and dif- 
ferential conditioning conditions, it should be 
noted that the single-cue Ss received 15 trials 
during training, while the discrimination SS 
received 30 trials, 15 with each of two kinds 
of words. Possibly the greater number of 
trials, regardless of type, could account for 
the steeper slope. 

Experiment II was designed to explore these 
considerations. To determine if the obtained 
semantic generalization effect might be at- 
tributable to Confusion in classifying the Neu- 
tral words, the Neutral words which w 
employed in the second experiment Belonges 
to a clearly identifiable taxonomic po ed 
Also, to explore further the slope difference” 
between single-cue and differential — 
ing, an additional single-cue acquisition ao 
which received 30 training trials was include 


SEMANTIC GEN 


EXPERIMENT II 
Method 


n A 
of i ceemmrimantat groups were defined in terms 
iflerential cS training was single-cue (S) or 
Positively ( ) conditioning, and the number of 
D15, Sis D o acquisition trials (15 or 30): 
tween the mabe There were minor differences be- 
fons im instru mentation of Exp. I and Exp. I 
that: cn oe Exp. I differed from Exp. I in 
school A rr were 48 right-handed female high 
teen, enis from Princeton, New Jersey. Six- 
three uA Ea randomly assigned to each of the 
Participation treatments. All Ss were paid for 
evaluativ ton in the experiment and were given the 
single-cue instructions (l) of Exp. I. (b) In the 
traii taining conditions, half of the Ss received 
Bad (B) ng trials with the Good (G) words or the 
respectiy 3 ardh reinforced, Groups GS15 and BS15, 
trials Ge y, and half of the Ss received 30 training 
serine G530 and BS30, respectively. The 
CDEERS n training procedures, GDI5 and BD15, 
Ü The nded to Cond. GDI and BDI of Exp. I. 
Words UB used in Exp. II were high-frequency 
aie (196: the semantic differential profiles of 
ratings of 5). 'The Good stimuli. had average 
Scale, T] 1.70 to 2.70 on the Heise Good-Bad 
= 50 he Neutral stimuli had average ratings of 
rating to .50, and the Bad stimuli had average 
ba of — 1.70 to — 2.70. During training, the 
Pitty words were as follows: BEAUTY, FAMILY, 
i eid NICE, PEACE, and the Bad words were: 
Eben FAIL, HURT, SHOOT, WORRY. | (d) The gen- 
that pum test was the same as 1n Exp. I, except 
F Seen generalization test words were: Good— 
‘DOM, LOVE, MUSIC, PLEASANT, SUCCESSFUL; 
AU OR pas HOUR, MONTH, WEEK, YEAR; Bad— 
tral won BURN, DEAD, FEAR, surrFER. All the Neu- 
vords obviously desig 


nated a period of time. 


Re 
s . : 
"lis and Discussion 


the anticipatory button- 


As in E 
Exp. I, 
d equally well 


Preggj 
under 4 response was learne! 
r all training conditions. On the last 


ME € ) 
ke S of discrimination training, dif- 
ial responding to the left- and right- 
gnificant, 


Nar 
Pd) ations was highly si d 
On the — 504.79, p « .001. Performance 
Marizeq generalization test trials is sum 

Ithoug} in the lower panel of Fig. | 

gradiente the form of the generalization 
l0se "des Exp. II differ somewhat from 
btained in Exp. I, it appears that 


Sema 

mantic > 

imene generalization along the bipolar 
8 10n of connotative meaning was ob- 


taj 
neg ^ 2 
S. eon The Neutral words, belonging © 
leyg MOn conceptual class, 
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responding intermedia 
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produced by the polar Good and Bad 


stimuli. 
A most interesting difference between 


the response levels to the unrelated Neu- 
tral words of Exp. I and the conceptually 
related Neutral words of Exp. II is readily 
apparent in the two panels of Fig. 1, dm 
Exp. I, the generalization gradients are 
very nearly linear with a slight tendency 
for the Neutral words to produce a response 
level more like that obtained with the Bad 
words than that obtained with the Good 
words. In Exp. I], however, the concep- 
tually related Neutral words produce re- 
e levels much more like that produce 

Good words, regardless of whether 
the Good or Bad words had been reinforced 
during training. One could say that the 
Neutral words tended to be assimilated 
into the Good category. This assimilation 
effect is reflected in a highly significant 
difference in the quadratic component of 
the generalization trend between those Ss 
for whom the Good words were reinforced 
and those Ss for whom the Bad words were 
reinforced, F (1, 42) = 2617, P< .001, 


MS, = 1.91. 
For further 
word-class varia 
into re antic-distance-from-the-reinforced- 
words variable. Overall, the semantic-dis- 
tance effect was highly significant, F (2, 84) 
= 112.96, p < .001, MS, = 1.64. There 
was a large linear component in the gen- 
eralization gradient, (1, 42) = 268.74, 
p < -001, MS, = 1.37. Subsequent two- 
tailed / tests indicated that all three points 
(near, middle, and far) were significantly 
different from each other, showing that 
overall response level to the 7 leutral words 
gave an intermediate point in the gradient. 
The Ss who had initially been trained to 
Good words gave more total 
ose trained to Bad words, 
25 10:975 P. 001, MS, = 1.38. 
hree different training conditions, 
cue trials, 30 single-cue trials, and 
ntial reinforcement, produced no 
differences in overall responding, 
p > 05, MS. = 1.38. In 
findings in EXP- I, the 
Condition X Sé- 


sponsi 
by the 


statistical analyses, the 
ble was again rearranged 


F (A, 42 


= .52, 
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mantic Distance was not significant, F 
(4, 84) = 1.03, p > .05, MS, = 1.64. This 
means that although the gradient for the 
D15 conditions appears somewhat steeper 
than those for the S15 and S30 conditions, 
the differences were not significant, so that 
the significance of the differences in slope 
of the gradients between the single-cue and 
discrimination training treatments that 
were obtained in Exp. I were not repli- 
cated in Exp. II. 

It is interesting that in spite of the great 
differences in the population of Ss between 
the two experiments and the minor dif- 
ferences in Procedures, the error terms for 
both experiments are remarkably small and 
very similar in magnitude, so that in a 
very real sense Exp. II could be called a 
good replication of Exp. I. In particular, 
the error terms for the between-Ss effects 
were similar (1.71 vs, 1.38 for Exp, I and 

I, respectively), as were those for the 
overall within-Ss effects (1.64 vs, 1.16 for 
the two experiments), Further, the error 
terms for the linear components of trend 
Were virtually identical (1.39 vs. 1.37 for 
Exp. I and II, respectively), while the 
error terms for the quadratic components 
of trend differed somewhat (.93 vs, 1.91 
for the two experiments), 


RAL Discussion 


Xp. I and Exp. TE 
significant generalization gradient: 
tained along the bipolar Good-Bad dimension 
of connotative meaning. These generaliza- 
tion gradients were obtained following both 
single-cue and differential training, and they 

i points which differed 
esponse levels at the 
Apparently with this type 
nship among words, gen- 
uous along the Good-Bad 


Statistically 
S were ob- 


Although differential training produced a 


significantly Steeper generalization gradient 
than did single-cue conditioning in Exp. I 
(p < .05), the actual difference in slopes was 
very small, and Such differ. 
tained in Exp. II were 
nificant. [t appears tha 
semantic generalization. 
ing, as compared with si 
less effect in reducing 


ences as were ob- 
not statistically sig- 
t with this type of 
discrimination train- 
ngle-cue training, has 
generalization than is 
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the case in primary stimulus slag 
with nonverbal stimuli (e.g., Hoving, 1963; 
Reingold & Perkins, 1955). " 
The results of these experiments show tha 
defining the shape or curvature of a semantic 
generalization gradient is a problem that t 
far more complex than defining the shape o 
the generalization gradient for nonverbal stim- 
uli. With nonverbal stimuli, the stimulus 
dimension itself usually has a simple invariant 
physical scale, such as brightness, wavelength, 
frequency, sound Pressure level, or the like. 
That semantic differential ratings of words 
do not provide a stimulus scale that remains 
invariant in different experimental contexts 18 
evidenced by the differences in the shapes of 
the gradients obtained in Exp. I and Exp. II. 
Without stable abscissa values it is impossible 
to define the generalization function precisely. 
The procedures used in obtaining the, se- 
mantic differential ratings of words differ 
markedly from the way the words are em- 
ployed in a conditioning experiment; because 
of this, it would not be surprising if the 
“effective” semantic differential scale place- 
ment of the words differed somewhat in the 
two procedures. The averaged semantic p^ 
ferential ratings reported by Jenkins et zo: 
(1958) and by Heise (1965) were obtained by 
having each S rate 20 or 50 different words on 
20 or 8 semantic dimensions, For each $; 
these words varied considerably on the Good- 
Bad dimension, In most conditioning experi- 
ments each word appears several times, and 
all training words are selected from the ex- 
tremes of the bipolar dimension, so that during 
training S is exposed to a group of words from 
9ne pole or the other or both of the Good- Bad 
continuum, Thus, the interword relationship 
in the rating and conditioning procedures 
differ in such a Way that different kinds of 
context effects should be expected. 1 
In addition to general context effects, there 
Was à strong apparent assimilation effect in 
that the response level to the conceptually 
related Neutral words in Exp. II was closer to 
the response level to the Good words than a 
the response level to the Bad words, regar! ‘ 
less of which extreme of the Good-Bad Oy 
tinuum was reinforced. This finding in E 
II was not expected on either an a BET 
basis or on the basis of the results ae 
in Exp. T. The high degree:of Fun 
the response levels to the Neutral Pei ES 
SIX curves in Exp. II suggests that p AN 
Similation effect should be easy to "osi ‘did 
Because a comparable assimilation effe 


g 


c p I, it would appear that the 
of Exp p Sun among the Neutral words 
effect. e s was a factor in producing the 
ing ae = milation effect is very inter- 
is at im n generality of the phenomenon 
Eon n RETON „For example, will as- 
Siteni A d only with this particular set 
any EE Y related Neutral words or would 
of Br tn relationship among any group 
could rr. Pone result in assimilation? Also, 
Bilge bi d a similation effects occur in 
ing? ant E: mensions of connotative mean- 
Eis wered T : is and other questions are 
explain ay seems little point in attempting 
Binatly ed d ani i 
pilot SEN X vould be noted that considerable 
Procedure w ais or before a successful 
Sponse key as devised. Initially, a single re- 
Were bed us a single reinforcement light 
Ss rarely a Inder these conditions, however, 
Bree vedi esponded to the test stimuli. Pro- 
ine Fees in in equipment and instructions 
D. roca reet version of training and test- 
buttons prunes, W ith two lights and two 
not ebur instrucHons that the lights might 
Very imp d sometimes—which seemed to _be 
the feet paste in getting 5 to respond during 
Tespond rials—S can logically be required to 
Beene’ A each trial. The symmetry of the 
üs Nul Buttons and the reinforcement lights 
Appear t as the detailed instructions to Ss 
c E Len an excellent base procedure 
aining semantic generalization. 
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The basic experimental d 
tion of intertrial inte 
memory in a manner sim 
are quite unequivocal. 
tween the recognition proci 
paradigm. If the commonly held bel 
retr al failures is accurate, the fact 
inhibition in recall also do so in recogn 
postulation of a two-proc 


ence of 


Phere has been a great resur; 
en in recognition memory in the last 
roces yen paria based upon a two- 
that ud m à of memory that suggests 
lu al consists of a retrieval phase plus 
E phase whereas recognition by- 
E nno retrieval phase and only trace 
ing aid TI occurs (cf. Kintsch 1970). Tulv- 
sented homson (1971) have recently pre- 
fetrleve n. evidence that indicates that 
One n as US i necessary process in at least 
, recognition memory paradigm. 

sop hort-term memory in the Brown-Peter- 

age (Brown, 1958, Peterson & 
Sensitive 1959) has been, shown to be very 

Sitive to proactive inhibition (P1) effects 


be PPel & Underwood 1962, Wickens, 
rn, & Allen 1963). It is generally agreed 


t PI results [rom à 
hebefore 1 : The present study 

that w^ investigates whether the factors 
sr inr ia the rate of PI buildup and 
igm a E in the standard short-term para- 

Mr have a comparable influence in 

Cally erm recognition memory. Specifi- 
ength the two factors manipulated es 
p intertrial interval (IT 1) and shift 

9 dec antic categories. pI has been shown 

apy Tease as a function of the length of an 

—— in the Brown-Peterson paradigm 
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a senior thesis 


second author under the direction 


esign tested to see whethe 

influenced. performance 
ir to their influenci 
There is no evidence 
ess and the 


ess theory of re 


r semantic shifts and varia- 
in short-term recognition 
short-term recall. The results 
for any qualitative difference be- 
in the Brown-Peterson 
hat proactive inhibition is due to 
s that influence proactive 
ome problems for Kintsch's 
and recall. 


recall process 
ief tl 
that proce 
ition raise 
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& Waugh, 1967 ; Peterson & Gentile, 

In the Loess & Waugh study, when 
ded 2 min. proactive inhibi- 
negligible. By shifting 
ds to number triads, 
Wickens et al. were able to obtain release 
on the first item of anew set. Ina similar 
manner Loess (1968) was able to show re- 
peated release from proactive inhibition by 
changing semantic categories. 

The present study therefore tests to see 
if short-term recognition memory in the 
Brown-Peterson paradigm is influenced by 
the same factors that effect PI buildup in 
n short-term memory. Should this 
lif the commonly held belief 
inhibition is due to retrieval 
we would have demon- 
lure for Kintsch's two- 


mory. 


(Loess 
1965). 
the ITI excee 
tion was found to be 
from consonant tria 


recall i 
be the case, anc 
that proactive 
failures is correct, 
strated another fai 
ess theory of me 


proc 
EXPERIMENT l 


Method 


Subjects —The Ss we 
who volunteered to serve in the exp 
Procedure.—\tems were presented : 
Carousel projector employing a 1.5- ready signal, 
item presentation, a 10-sec. retention 
sec. recognition period, and varying rest 
Is). The retention inter- 

ming task. 


e 36 New College students 
eriment. 
with a Kodak 


ri 


period, a 
periods 
vals were 

Items were 
sonant 4 


a Stroop color-nar 
d in blocks of six trials with 
alternating blocks 
a block, ITIs were 
iting blocks. 
blocks 
ced using a 6 X 6 Latin squa The 

thin the experiment wa milarly 
a Latin square. At the onset 
d, Ss turned over a 3x5in. 


igrams in 
Within 


balanced with y 
ition perio 


white card and chose 1 of 6 alternatives typed on the 
card. Alternatives for CCCs included the correct 
item, two acoustic confusions based on it (cf. Pear- 
three, Gorfein, & Bennett, 1967), the previous item, 
and two acoustic confusions based on the previous 
item. Alternatives for the digits included the correct 
item, two permutations of it, the previous item, and 
two permutations of it. In the case of the first item 
in a block, a dummy previous item was used. Test- 
ing was individual with S seated in a sound-attenu- 
ating cubicle. His performance, including the 
Stroop color-naming task was monitored by E over 
an intercom system. 
Materials.—The six blocks of consonants consisted 
of 50% association value trigrams (Witmer, 1935). 
The digit trigram consisted of three digit numbers 
with the restriction that the first digit was greater 
than zero and no digit was repeated within a trigram. 
Items were so arranged that within a block of six 
trials no consonant or digit occurred more than once 
in the same within-trigram serial position. 


Results and. Discussion 


The experimental design allowed for only 
one observation at e 
within each of the 12 alternating categories 
of materials, Therefore, in order to test 
Whether the effect of semantic shifts in the 
group produced repeated release from PI, 
we looked at the first position in each cate- 
gory as compared to the average of the 
other five positions across the 12 blocks. 
In all 12 blocks the first position was higher 
than the average of the other positions, thus 
Showing that the semantic shifts did pro- 
duce repeated P] release. 

Figure 1 shows the serial position effects 
às a function of intertrial interval (TI) 
collapsed over the two types of material. 


ach serial position 


100 
95 
E | 
a 
A 
= a 
e 
o 80 
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E 
z A---A 
“~~ 90-SEC, 
a 85] X--X 30-sEC. 
5-SEC. 
P9 
SERIAL POSITION 
Fic. 1. Recognition short-term memory in Exp. I. 
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While the data tends to be noisy, statistical 
analysis shows that the effect of ITI is 
similar to that obtained in the recall situa- 
tion by Loess and Waugh (1967). With the 
data collapsed across materials, the ITI 
X Serial Position interaction is significant, 
F (10, 350) — 2.19, b «.05. The main 
effects of ITI and serial position are both 
highly significant; for ITL FO 350) 
= 6.99, p « .01, and for serial position, 
F (5,350) = 12.14, p < .001. We would 
expect the significant interaction effect, 
based on the PI buildup function as the 
first position in the category should be sub- 
Stantially the same for all ITIs and then 
PI should buildup at different rates. 

An analysis was made of the type of 
errors that 5s made in the recognition task. 
We analyzed to see whether when .S made 
an error he picked a permutation of the 
current item or chose the previous item. 
We will reserve discussion of this data until 
the report of Exp. III, which contains some 
control information, 


EXPERIMENT II 


While we were able to obtain the ex- 
pected effects of ITI in the first study, the 
noise in the data and the failure to get com- 
plete PI release due to ITI led us to repeat 
the study using a longer intertrial interval. 


Method 


Subjects.—Twelve New Colle, 
Ss in this second study. 

Procedure.—The procedure and materials for the 
second study were identical to that of the first except 
that we used only two ITIs, a 5-sec, rest period, and 
a 150-sec. rest period. Items and ITIs were again 
suitably counterbalanced. 


ge students served as 


Results and Discussion 


Figure 2 shows the serial position func- 
tion for the two sets of ITIs, It is cleat 
from the figure that the 150-sec, ITI results 
in negligible, if any, PI buildup while the 
5-sec. ITI shows the same effects as in ona 
first experiment. Statistical analysis siai 
that for these data, i.e., with the data Er. 
lapsed across materials, there is a significa. 
ITI X Serial Position interaction eb. 
with F (5, 55) = 3.17, p < .05. The m 


PROACTIVE EFFECTS IN SHORT TERM RECOGNITION 


PERCENT CORRECT 
o 
o 


SERIAL POSITION 


Pie.2. R : 
2. Recognition short-term memory in Exp. IL 


effect " 
AI hee position was significant, 
intertrial = 5.53, p < .001. The effect of 
and sj oe interval also showed a large 
b E UM wer pes F (1,55) = 26.69, 
the i In order to ascertain whether 
lack of TW i ITI had indeed produced a 
Separatel I buildup we analyzed the data 
a i. EY for the 150-sec. condition, using 
anal PAY Ss serial position analysis. This 
E SUN confirmed that there was no signifi- 
ITI Serial position effect in the 150-sec. 
condition, F (5, 55) — 79. 


EXPERIMENT III 


E. Sub I and 11, three of the six alterna- 
Previous the multiple-choice card were the 
the us item and two variations ofit. On 
Ini: member of a semantic set, à dummy 
Previo, as used in lieu of the last item of the 
Gourde, h semantic class (This could, of 
bilities SINE influenced the guessing pus 
the od as it is possible that the member o 
might her semantic class, the previous item, 
o! t have been a better alternative, al- 
Mre this is highly doubtful.) A P 
hree ee question about the role ol the 
Dither from the prior item 1$ 
?ecause xad have their effect as distractors 
does ; ney are the prior item or bee 
en fees recognize the current item anc 
Natives p at random among the alter- 
ied toiteta third study therefore is de- 
that S a the effectiveness of distractors 
he use of from prior items as compared to 
irrelevant distractors- 


T um 
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TABLE 1 


ERROR TYPES IN EXPERIMENT | AS FUNCTION OF 
WITHIN-CATEGORY SERIAL POSITION 


postion preton | previou 
ostion | of current | a | Omissions Total 
| 

TOR MET 0 26 
2 | 32 43 2 17 
3 46 ad i 84 
+ 53 46 I 100 
S 50 40 3 93 
6 61 30 6 97 
Total 264 196 17 477 

Method 


Subjects. —Twelve New College students served as 
Ss in this third study. 
Materials and procedure. —The items employed 
were the same 36 CCCs and 36 NNNs employed in 
Study 1. For half of the Ss, half the items of each 
material chosen at random were given recognition 
alternatives that contained a current item and a 
previous item as in Exp. I. The remaining half of 
the items had recognition alternatives which con- 
tained the current item and its related distractors as 
in Exp. I and a dummy item (one with no letter or 
digit in a serial position common with the to-be- 
remembered item, or the prior item) and two alter- 
native forms of the dummy. For the other half of 
the Ss, the items were shifted so that items which 
previously had dummy 


alternatives now had prior 
item alternatives 2 nd vice versa. ]tems were pre- 
sented with only a 5-sec. ITI in ori 


der to maximize 
the number of errors we would get for anal A 
other aspects of the procedure were the same 


Exp. I. 


as in 


Results and Discussion 


As we mentioned above, the main pur- 
pose of Exp. III was to give us à base line 
of comparison for Exp. ! Table 1 shows 


an analysis of the types of errors in Exp. ! 
[ the serial position within 


k (the error analysis in- 
d both types of material). 
6 (where true previous 
ons are possible), there are à 
urrent item errors as compared 
stem errors. Since there are 
two incorrect alternatives based on the 
tem and three incorrect. alterna- 
s based on the prior item, the data 
ors are indebted to Lynne Tarakan who 


Jummy items needed for thi study and 
as E in Exp. n. 


tive 


he auth 
ed the d 
g Evinger who served 


prepare 
to Cral! 


TABLE 2 


ANALYSIS OF ERRORS AS A FUNCTION OF ALTERNA- 
i TIVES PRESENT (EXPERIMENT IIT) 


Error type for Positions 2-6 


Cond. ea | 
Variation is 
of current | Intrusion | Omis- | rotat 
item E 
| | 
Previous present 38 24 2 | 64 
Dummy present | 48 13 1 | 62 


clearly suggest that all errors are not pure 
guesses. It is conceivable that S is making 
use of partial information when he chooses 
among the alternatives. This will suggest 
the hypothesis that part of the difference 
in overall performance between recognition 
and recall in most studies is due to Ss ability 
to make use of Partial information in 
recognition, 

Table 2 shows the an 
function of the type of alternative present 
i P. HI. The crucial data to note in 
this table is that Ss make approximately the 
Same number of errors when the alterna- 
tives contain a dummy item as they do 
when they contain the Prior item. Incorrect 
variations of the current item are chosen in 
either case more frequently than any of the 
three variations of the prior or dummy item, 
There seems to be a Strong implication from 
these data that Whatever prior items do to 
produce PI, having them present as recog- 
nition alternatives has no specific influence 
on the likelihood of an error, 

The combined results of all three 
show unequivocally that recognition in the 
multiple-choice test employed produces re- 
sults that do not differ qualitatively from 
recall, in terms of the influence of PI in the 
Brown-Peterson paradigm, 
found in this data for the 


alysis of errors as a 


studies 


No support is 
Kintsch (1970) 
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two-process theory of memory. : Instead, 
added support is given to the position that 
recognition differs quantitatively from re- 
call due to the fact that S can make greater 
use of partial information in the recognition 
situation. 
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MAGNITUDE JUDGMENTS C 
NITUDE JUDGMENTS OF BRIGHTNESS AND BRIGHTNESS 
DIFFERENCE AS A FUNCTION OF 
BACKGROUND REFLECTANCE * 


DWIGHT W. CURTIS? 
California State College at Fullerton 
Magnitude estimates of the bright 


ence between paired grays were obt 
with high and low reflectances, an 


Difference estimates were analyzed to yield 
to determine the form of an output tra 
Both the output functions 


ing numbers to stimuli. 


scale values to reflectance (input functio 
functions. The exponent of the input functio 
wice as large 
kground condition. 
found to predict magnitude 


ground condition was approximately t 
function from the low-reflectance bac 
input and output exponents was 
brightness reasonably well in the 
not in the low-reflectance backg 
the latter case, however, by the 
lated on the stimulus axis, 


ae "d SIND and his associates have 
investi iets estimation procedures | to 
eLWe Bau. the psychophysical relation 
uer perceived brightness and stimulus 
Well- ance and found the relation to be 
approximated by a power function, 


J = ag". 1] 


Vag Be dark-adapted eye, the relation 
Sipe ney a cube-root function 
a apted & Galanter, 1957). _As the eye 
however to higher levels of illumination, 
inen s size of the exponent was tame 
Senats. (Stevens & Stevens, 1963). 
Tighter don of stimuli in the context ofa 
inducing field was also found to 


For 


Pre 


Mer 

Case 3 ; 

(ei the magnitude of the exponent 

logs, "an, 1965; Stevens & Diamond, 
s of gray 


Papers Bor: lightness judgment Pos: 
tevens higher exponent of 1.2 was foun 

, The t Galanter, 1957). 
Equation 4 4 of the power 
1 approxi does not provide as si 
m the qj maaan of the empirice 
ic g t-adapted state, OWINE | 
aches fin cee as the function 2P- 
Je origin. Stevens and Stevens 
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high-reflectance bac 
round condition. 
introduction of 


whose value was the reflect 
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stimates of differ- 


and e: 


scales of apparent brightness and 
ation employed by 5s in assign- 
and the functions relating 
ns) were well-approximated by power 
n from the high-reflectance back- 
as the exponent of the same 
The product of the 
estimates of 


kground condition, but 
Prediction w; improved in 
an additive constant, trans- 
ance of the background. 


employing a more general form of the 


function, 


J-a($ — o", [2] 
ant ¢ was interpreted as the 
Both S. S. Steven's 
of the constant and his interpretation 
been criticized (e.g Corso, 1963). 
] Stewart (1968) have favored an 
function, 
J = a(ó* —‘do"), 


threshold constant, $o 
axis." 


where the const 
"effective threshold." 
use 
of it have 
Fagot anc 
alternative 


ch introduces à 


whi 
on the response 


by translation 
function, 

J=aġ" + b, [31 
1970) is formally equiv- 
the latter investigator 
constant b as à 


used by Curtis ( 
although 

d the additive 
arameter. 

de judgment 
le difference 


alent, 
interprete 
response p: 

Magnitu 


used to sca 


instructions may be 
s, as well as single 
] Harrington 


f ; (Curtis, Attneave, anc 

muli. Curtis, 4 e f l 

(1968) and Curtis (1970) obtained evidence 
apparent difference and 


j 2 f 
at udgments © i í 
that J nitude constitute independent 


nt mag 
which, by their convergence, 
model of magnitude 
ased on an 


appare 
operé 
support 
judge 


ations 
two-stage 
The model was bi 
ind. Stevens (1968) for a more de- 

sy concerning the 


sion of the controver 
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earlier suggestion by Attneave (1962) that 
magnitude estimation confounded the sen- 
sory function with an output function 
having to do with the psychological 
significance of number. It was assumed 
that each stimulus intensity induces in O 
a psychological correlate, V, related to 
physical intensity by a power function, 
¥ = agt, 
and that the psychological correlate of a 
number is also related to objective number 
by a power function, Consequently, the 
task of 5 in a magnitude estimation experi- 
ment is to match the psychological correlate 
of a stimulus with the psychological corre- 
late of a number. If Such is the case, the 
empirical power function (Equation 1) 
relating. numerical responses to stimulus 
intensity may be expressed as 


J = aófn, [4] 


where & is an input or Sensory parameter 
and m is an output parameter, the recip- 
rocal of the exponent for subjective number. 


From Attneave's model, Curtis et al. (1968) 
derived the expression 


Ju = alit — pjt)” +b L5] 
lor judgments of differences. Equation 5 
was found to provide an excellent fit to the 
data. However, it provided no basis for 
independently examining the forms of the 
input and Output transformations: the 
relation between psychological magnitude 
and stimulus magnitude and the rel 
between judgments and psychological dif- 
ferences. Such an examination was pro- 
vided by Rule, Curtis, and Markley (1970) 
using a nonmetric scaling approach. They 
assumed that each stimulus magnitude, 
9, is associated with a central process, with 
a scale value, V, such that V = fle) 
denotes the input transformation. If Ss 
difference judgments are a function of 
differences between the central processes 
associated with two stimuli, numerical 


assignments to diff, Tences may be expressed 
as 


ation 


Ji = g(V; = Vj). 

Rule et al. (1970) sol 
assumption the 
denoted by g, w 
transformation 


ved for V under the 
output transformation, 
as monotone. The output 
determined from the rela- 
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, E * edi d 
tion between J;; and (V;— Vj) was i 
to be a power function, which may 
expressed as 


Jua (QV — Vi)" + b. — [6] 


The input transformations for the stimuli 
they investigated, circle area and weight, 
were found to be power functions of the 
form 

V 2 có* +d. 


The additive constant, d, was nece 
since the scale values were on an interval 
scale, and hence the origin was arbitrary. 

In the present study, a similar approach 
Was used to investigate the form of the 
input transformation for brightness under 
conditions of adaptation and contrast. 
However, a direct solution of Equation 6, 
rather than the nonmetric technique, was 
used to directly estimate the scale values, 
V, the exponent m, and the additive 
constant, b, and the form of the input 
relation was recovered from the relation 
between scale values and physical re- 
flectance. 


METHOD 


Seven stimuli were used in the experiment, con- 
sisting of 7.62 X 12.7 em. rectangular papers from 
the Munsell neutral value scale, mounted on thin 
cardboard. The Munsell values of the stimuli 
ranged from 2.5 to 8.5 in unit intervals. Their re- 
llectances were .046, .090, .156, -246, 362, .507, and 
684, 

The stimuli were presented to S on a 76.2 X 116.8 
cm. table, the surface of which wa 


as covered by heavy 
cardboard constituting the background for the 
stimuli. 


Two background conditions were used in 
the experiment. In the low-reflectance background 
condition the reflectance of the background was 
-028, and in the high-reflectance background condi- 
tion the background reflectance was 946. l 
The Ss were 48 students who participated in the 
experiment to fulfill a requirement of an introduc 
tory psychology course at the University of Albam 
Twelve Ss were ; ssighed at random to each of id 
groups. Each .S performed two tasks, mg 
stimation of brightness (lightness) and magnituc 
estimation of difference. Two of the groups p 
formed the tasks with the high-reflectance bac 
ground and the other two groups performed the The 
tasks with the low-reflectance background. a 
two groups within each background condition dit 
ceived different standard stimuli and standard Arad 
ferences. For one group, the stimulus with the od 
est Munsell value served às standard in WA 
brightness, and the largest difference between 3i fer- 
sell values served as standard in estimating c the 
ences. For the other group, the standards wer 


— a  —_— 


sti i 

baa the lowest Munsell value for estimat- 

BAT in the difference between the two 
t he lowes sell v; imati 

an owest Munsell values for estimating 


RESULTS AND DISCUSSION 


A direc $ el 
No solution of Equation 6 was not 
Eee since the coefficient a and scale 
if Sic V, were not independent. Con- 
Juently, the equation 
Jig = (Vj — V/)"45 [8] 


was fi iff 
EUM to the difference estimates. In 
x = ion 8, each V; = a!/™V;. Estimates 
Ein. the output exponent m, and the 
iet. e constant b were attained by a 
Squares solution of 


Jigz (XiVi XS FX V)" +, 


where the . 
ES gie were assigned values 1, 0, or 
Detwe or mstance, for the judged difference 
a is Stimulus 2 and Stimulus 5, X» — 
A sol ^s = 1, and all other X; were zero. 
E: lution for Equation 8 was achieved by 

iterative 
Where 


procedure minimizing Q, 


Q= E WILY: 


del 
X nVo Vay. ++ V.m,b) J? 
[9] 


Ink . 
| n Equation 9, Y;is the dependent measure, 


=S (XXa 


a geometric mean judgment of the ith 
N Bid aret the X; are independent variables, 
Eos Vj, m and b are parameters to be 
Wei psal The symbol Wi refers to a 
etti ìt assigned to the ¿th observation. By 
of ng W; = 1/Y one minimizes the sum 
“anaes of the relative deviations, à 
ced approximately comparable cpa 
E ae analysis. performe on the 
o riis of Y. When W= 1, all devia- 
Weig] are weighted equally. The. first 
EP ung strategy 15 the more consistent 

h customary practice and with the usual 
Wl that variability increases as 2 
tude ‘on of stimulus (and response) magni- 
howe Curtis and Fox (1969) tonna 
clo ever, that homoscedasticity was mo à 
9 Sely approximated by the distributor 
dis, s agnitude judgments. than by Es 
tribution of their logarithms when 
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stimulus used as standard was greater in 
magnitude than the stimuli with which 
it was compared. The present analyses 
employed weights of 1 in fitting functions 
to data from those conditions with a high 
standard and the weighting 1/Y? in those 
conditions employing a low-standard stim- 
ulus. 

High-reflectance background.—For the two 
groups that received the high-reflectance 
background a least-squares fit of Equation 8 
to the geometric means of difference judg- 
ments yielded 

Fy= (Ve VO .61 
for the High-Standard condition, and 

Jg- (Vi — Vi + 3.65, 
for the Low-Standard condition. For each 
group a plot of judged difference against 
difference between scale values raised to 
the mth power is presented in Fig. 1. 
Owing to differences in the weights applied 
in the least-squares solutions, no signif- 
icance should be attached to the difference 
in output exponents. When the same 
weights were applied in both solutions, the 
difference was substantially reduced. 

Equation 7 was fitted to the relation 
between scale values, V, and physical 
reflectance. A least-squares solution, em- 
ploying weights equal to unity, resulted in 


V= 1,6009 — 2.63 


for the High-Standard condition, and 


V = 6519? — 11.64, 
-Standard condition. The two 


hown in Fig. 2. Both scales 
linear Munsell 


for the Low 
functions are S 


approxim ately with 


are 

value. 
Substituting i 

for scale values, 4 6 yields 


SE EI a’ (¢;* — ek)" + b, [10] 


= cm, Substituting the parameter 
ined from the data of the 
condition resulted in a 
relation of the form 


the right side of Equation 7 


in Equation 


where a^ 
estimates obte 
H igh-Standard 
stimulus- response 


2 2.01 (7 * = p” + 61. 


Jij 
The comparable function for the Lowe 
Standard condition was 


Jy = 9.61(9,* — $770? + 3.65. 
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The difference estimates of individual Ss 
were subjected to a similar analysis. 
Means of the input exponent, b, were .35 
for the High-Standard condition, and .37 
for the Low-Standard condition. The 
standard deviations were .14 and .18, 
respectively. Means of m for the two 
conditions were 1.58 and 1.27, with stan- 
dard deviations of -63 and .46, respectively. 
In all cases, mean exponents are approx- 
imately of the same order of magnitude as 
the exponents calculated from the group 
data, although means of m tend to be 


slightly higher than their group counter- 
parts. 


Equation 10 is formally identical to 
Equation 5, employed by Curtis et al. 
(1968) and Curtis (1970) to test the two- 
Stage model. In these previous Studies, 
Equation 5 was fitted directly to difference- 
estimation data employing a least-squares 
solution. Comparable solutions for the 
present data, employing the same Weights 
employed in the scaling solutions, yielded 
the functions 


Jg = 1.43(6,25 — Qr") 4 99 
for the High-Stand 
Jy= 


ard condition, and 


9.73 (6,5 — pr”) 4 4.26 


o 


o 


A. HIGH STANDARD 


ESTIMATED DIFFERENCE 
^ o 


4 6 
ie} 10 


Fic. 1, Judged differe 
reflectance background. 


" (Value 
= (Vj — Vn +6.) 


on 


PREDICTED DIFFERENCE 


nce as a function ¢ 


the 
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for the Low-Standard condition. These 
functions differ from those obtained from 
the scaling. solutions largely with respect 
to their values of the output exponent m. 
The estimate of this parameter was larger 
from the solution for Equation 5, especially 
for the High-Standard data, than from the 
solution for Equation 6, in which the input 
transformation was not required to be g 
power function. This appears to indicate 
that the power function may not be E 
completely satisfactory approximation e 
the relation between scale values an 

stimulus intensities, The functions in 
Fig. 2, it may be noted, are slightly S shaped 
rather than linear, especially in the High- 
Standard condition where the discrepancy 
is largest, 

An assumption of the 
implied in Ec 
n of the 
estim 


two-stage model, 
luation 4, is that the exponent 
power function relating magnitude 
to stimulus 
product of & and 
and output exponents, respec- 
zquation 3 was fitted to judgments 
htness, resulting in a function for 
High-Standard condition of 


ates of single stimuli 
reflectance is equal to the 
71, the input 
tively, I 
of brig’ 
the 


J = 1.095 — 1.36, 
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PREDICTED SCALE VALUES 


stimulus reflectance: high- 
abscissa represent prediction from 

two sets of estimates in the 
This probably indi- 
results from in- 
than were those 
The S 


between the 
present experiment. 
cates that the present 


dividual Ss are less reliable 
is investigations. 


from the previot 
variation was greater on all three of the 
found, 


previously 
of n estimated from 
4 The standard 


exponents than was 


particularly in the case 


single-stimulus judgments. 
deviations of the latter exponent were 
as obtained by Curtis (1970). 


twice as great 
This may indicate 
grays is more difficult f 
than some other attributes, but it also is 
robable that a greater number than six 
observations of each of seven stimuli is 
required to obtain à reliable evaluation of 
the performance characteristics of individ- 


ual Ss. 
Low-reflecta nce backgrou nd.—For the data 


from the condition with a low-reflectance 
background, a least-squares fit of Equation 


4 The averaged judgments of 
condition and the low-reflectance back 
tion exhibited more extreme curvature thar 
power function with a positive exponent or à logarith- 
mic function. For purposes of averaging, negative 
nents and c ficients were permitted for these 
No theoretical significance was attributed to 
values of these exponents. 


that the brightness o 
or Ss to estimate 


a few Ss in both this 
ground condi- 
n either a 


expo! 
Ss. 
the negative 
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6 to the geometric means of Ss’ magnitude 
estimations yielded 


Ju = (V; — Vtt + 39 
and 

Jg = (V; — Vt 4 243 
for the High- and Low-Standard conditions, 
respectively. The relation between differ- 
ence estimates and values predicted by 
these functions are shown in Fig. 3. Power 
functions (Equation 7) fitted by the method 


of least squares to the relation between scale 
values and reflectance were 


V = 7469645 — 9.27 
for the High-Standard condition and 
Ves 21.2164 — 26.24 
for the Low-Standard condition. 
relations are shown in Fig. 4. These 
exponents were very close to the exponent 
obtained by Curtis (1970) from dark- 
adapted Ss estimating differences between 
uminous stimuli in total darkness, 


Combining the results of the above 
analyses in terms of Equation 10 yielded 


These 
input 


the functions 


Ji = 18.80 (715 — $j5)r46 + .39 


ESTIMATED DIFFERENCE 
o 


2 4 6 
o 10 
PREDICTED 
Fic. 3, Judged difference 
reflectance background, 


= (V; — Vim +5) 
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and 
Ji; = 97.68 (p; — $,4)1.30 4 2.43, 


describing the relations between difference 
estimates and stimulus reflectance for the 
High- and Low-Standard conditions, "n 
spectively. Least-squares solutions n: 
Equation 5 fitted directly to this relation 
yielded the functions 


J; = 22.52(9;4 — $,1)'92 4 62 


and 
Ji = 68.62 (6-17 = QU) + 2.57 


for the respective conditions. 

Power functions (Equation 3) fitted to 
the relation between magnitude estimates 
of single stimuli and physical reflectance 
yielded exponents, z, of .52 and 45 for 
the High- and Low-Standard conditions, 
respectively. The mean exponent of .48 
Was very similar to that of .47 from the 
high-reflectance background condition. 


This result appears inconsistent with the 
results of Stevens and Diamond (1965), 
who studied the effects of the surrounding 


field on magnitude estimates of brightness. 
Furthermore, the 


exponents are not 
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ance background. (Values on 
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n= b hypothesized relation, 
reflectar The products for the two low- 
and E conditions—.15 x 1.46 = 125. 
as larg X 1.50 = .21—are less than half 
VINA the exponents estimated from 
Re brightness estimates. 
debeo of analyses of the data of 
able to ih Ss are approximately compar- 
leihen hose from the group data, although 
higher x of k, m, and a are all slightly 
ata. e their estimate from the pooled 
and csi values of & from the High- 

and po eae conditions were 
-15, with standard deviations of .29 


an 2 
4.17. Means of m were 1.46 and 1.57 
with standard 


Pr «tl 
es same conditions, 
n ie, oe of .46 and .47. 
of 50 56 and .55, with standart 
or and 48 

e i H 
form ie a two-stage model i 
Ments oes not reconcile 
Te N's with difference judi [o 
Was ance background, although the mo s 
refle, or with data the high- 
B Ct: ata j 
inconsistn, backgroun 
Gene Picy may have 
the oe of background 

© background conditions. 


Predicted by the 


Mean values of 
| deviations 


nction of stimulus reflect 
the abscissa represent 


ance: low-reflect- 
predictions from 


reflectance background introduces à con- 


trast condition, and its effect may be largely 
inhibitory as Stevens and Diamond (1965) 
suggested, influencing only the exponent of 
the power function. The low-reflectance 
background may, instead, influence Ss’ 
adaptation level, implicating an additive 
constant on the stimulus axis, as Stevens 
and Stevens (1963) have suggested. Hence 


an equation of the form 
V-c(ó— .028)* + d [11] 


was fitted to each of the scales from the 
low-reflectance background condition by 
the method of least squares, estimating €, 
k, and d. A constant .028, the reflectance 
of the background, was subtracted from 
each stimulus value. The values of k 
obtained from this analysis were .31 from 
the High-Standard condition and .29 from 
the Low-Standard condition. "The effect 
of the additive constant was to enhance 
the value of é so that it approached in 
magnitude the exponents from the high- 
reflectance background conditions. The 
multiplicative relation, n = km, employing 
these estimates of k together with the values 
of m estimated from difference judgments 


predicted values of » of .47 and .44 for the 
high- and low-reflectance backgrounds, 
respectively. Comparable estimates of n 
were obtained by fitting the equation 


J =a ~.028)"+5 — [12] 


to magnitude estimates of single stimuli. 
Equation 12 is a modification of Equation 3, 
which included the background 
as an additive constant translated on the 
stimulus axis, But Equation 12 incor- 
porates an additive constant on the 
response axis, as well as a threshold or 
adaptation constant. The latter constant 
was required so that the analyses of 
magnitude judgments of single stimuli in 
this background condition would be com- 
parable to the analyses of difference judg- 
ments from the same condition and to 
analyses of magnitude and difference judg- 
ments from the high-reflectance background 
condition. Inclusion of the constant follows 
from the assumption that Ss’ judgments 
reflect a displacement of the subjective 
origin from zero on the response scale, 
Estimates of n in terms of Equation 12 were 
-55 and .46 for the High- and Low-Standard 
conditions, respectively. The slopes of the 
functions were .81 and 5.50, and the ad- 
ditive constants, b, were .29 and 3.94. 

It would appear that an additive 
translated on the stimulus 
two-stage model so th 
tween the estim 


reflectance 


constant 
axis corrects the 
at convergence be- 
ates of 2 from brightness 
estimation and difference estimation is 
more nearly approximated, According to 
Stevens and Stevens (1963), such a constant 
defines the origin of the effective stimulus 
scale, an origin which shifts as Ss’ level of 
light adaptation changes. These investiga- 
tors found that the magnitudes of both the 
additive constant and the exponent in- 
creased as Ss adapted to higher luminance 
levels, Stevens and Diamond (1965) 
found no need for an additive constant in 
the contrast experiment, although expo- 
nents of the power function were larger in 
this condition, and increased as the lumi- 
nance of the contrasting field increased, 
The present results Support the use of the 
constant in the adaptation condition ; 
however, the magnitude of the exponent 
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becomes very nearly equal to the cene 
from the contrast condition once bi. 
correction has been applied. Fagot p 
Stewart (1968) have also argued for Ke 
incorporation of a threshold constan d Es 
power function. The function they A S 
defended, however, introduces the thresho 2 
constant by translation on the map 
axis. The latter constant could not a 
resolved the discrepancies between ow 
of n estimated from judgments of di M 
ences and single stimuli in the preset 
experiment. 
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EFFECTS OF SOLUTION FAM TY AN 
5 OF SOLI N FAMILIARITY AND NUMBER OF 
ALTERNATIVES ON PROBLEM DIFFICULTY ! T3 


ROGER L. DOMINOWSKI* 


University of Ilinois at Chicago Circle 


ros as à — a series of 10 verbal problems requiring the selection 
VE ca bg FOLE list of category members. Both the number of 
(Gide Toy pda toor 25) and the normative frequency of the correct item 

evels) were varied according to a factorial design. Errors increased 


a lined “ti i 
linear function of the number of alternative and generall 
ed, although 


solution familiarity decre 
also obtained. 1 
with solution familiarity in a s 
in terms of an initial tendence: 


Previous researel 3 
aii ae a established that the diffi- 
tHe number or à BS ne = s as d function of 
Correct ee en * n cem os 
Suggest that s i ve must be selected. The data 
Beh aita ha dif iculty is linearly related. to N when 
Davis et must be separatel ; considered (egs 
loga N 67), whereas difficulty is linearly related to 
H when the task allows the i c of more efficient 

rmation-gathering st ategies (Neimark & Wag- 
ner, 1964). 
3 In these studies, the al 
qually likely to be elected. 
of alternatives is hierarchically : 
Es expected that the effect of incre 
vie the position of the correct : 
hierarchy. More specifically, for a set of items 
ordered in terms of frequency (familiarity), increas- 
ing N should prove more detrimental for solutions 
* lower relative frequency. There is reliable evi- 
Pay indicating that items of higher frequency 
quii to be emitted earlier than those of lower fre- 

ney (eg, Dominowski, 1967; Duncan 1966). 
à RES IUER for a high-frequency solution, most 
E ue alternatives added as N increases would be 

, lower frequencies and thus should not interfere 
With discovery of the solution; this would be less 
true for solutions of lower relative frequenci 
Alternatively, the inverse relationship between 
difficulty and solution familiarity should be more 
Pronounced as N increases. 

i Minden of solution familiarity witl y 
ndicate additional complexities to be considered. 
W hen S is given a set of items varying in frequency 
ma is told the relative frequency of the correct 
eid selection difficulty is curvilinearly related to 
ation frequency (Duncan, 1967). In the absence 
Eod instructior S will acquire this 11- 
a over a series of similar problem 


thus i a is and can 
nus improve his performance, especially when the 


Iternatives were presumably 
In contrast, if the set 
nged, it might 
sing N will vary 
ternative in the 


| selection tasks 
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y a change to guessing words at the appropriate frequency leve 
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y increased as 
a curvilinear effect of familiarity was 
ng the number of alternatives varied 
fashion. The results were interpreted 
in order of frequency followed 


solution is of low frequency (Dominowski, 1965). 
It should be noted that, in these studies, low- 
frequency solutions were quite discriminable from 
the alternatives in terms of frequency, in which 
case knowledge of the frequency of the solution can 
be used most efficiently (Duncan, 1967). However, 
typical frequency hierarchies (e.g., words belonging 
to a category) contain a majority of low-frequency 
items. Therefore, the number of items presented 
incre riminability of a low-frequency 
solution decreases, which case it might prove more 
difficult to improve performance on the bi of the 


knowledge that the solution is a low-frequenc 
In the present study, each S was given a series 
of problems each of which required him to select 
the correct alternative from a set of words forming 
a frequency hierarc ncy 
of the solution and N varied among groups. The 
major purpose of the study was to investigate the 
expected interaction between solution. familiarity 
and N. In addition, changes in the effects of these 
variables with practice were examined. 
Method.—From the Cohen, Bousfield, and Whit- 
marsh (1957) norms, the 25 most frequently given 
es were chosen for each of 10 categories. 
problem sets of thre s were 
alternatives were the 


chy. Both the relative freque 


responst 
For each category, 


constructed: l'or N = 5, the 
words occupying frequency ranks 1, 3, 6, 10, and 
> for N = 15, the alternatives were 


15 in the norms; 
25, all words 


for 


the 15 most frequent wor 
chosen from the category were used. 
A factorial design was used, consisting of the 
ee levels of N (5, 15, or 25) with 


nbinations of thr 


con l 
Js of solutio: 


five leve! n familiarity determined by the 


rank of the correct item in the normative frequency 
hierarchy ad, 6, 10, or 15). In each of the 15 
conditions, there were 10 55; e ch S received a differ- 
t order of the 10 problems determined by a Latin 
n order to counterbalance specific problems 
) with ordinal position. The 5s were 150 
psychology students completing d 


in order of their appearance 
id to conditions 


en 
square it 
tegories 
wy 
quirement; 
they were assigne 


(ce 
introduct 
e re 


cours 
laboratory, 


at the 
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TABLE 1 
MEAN ERRORS PER PROBLEM FOR ALL PROBLEMS 


Normative rank of correct item 


N 
H 3 6 

5 .61 1.98 1.96 

15 1.57 | $38 | 7.06 

25 5.02 | 7.97 | 10.51 

x 240 | S11 | 6.51 


according to a schedule of 10 random orders of the 
15 basic conditions, 

Each S was seen individually and was told that 
he would be given a series of problems, each of which 
consisted of a list of names of things belonging to a 
category, one of which had been selected as correct. 
Using a sample list, it was explained that the words 
on a list varied in frequency and that, on every 
problem, the solution would occupy the same fre- 
quency rank (the rank was not specified). Emphasis 
was given to selecting the correct category member 
in as few choices as possible. For each problem, S 
was given a list of category members in alphabetical 
order (list length varying with N) and was allowed 
to keep a record of which words he had selected. 


Only the list for the current problem was available 
to S at any time. 


Results—For each 
number of errors ma 


h problem, S's score was the 
de prior to selecting the correct 
item, The analysis of overall performance used each 
S's mean number of errors per problem for all 
problems (Table 1). As indicated by the row means, 
errors increased as a linear function of N, F (1, 135) 
= 427.63, p < .001. The effect of solution famili- 
arity contained both a linear component, F (1, 135) 
= 75.68, p < .001, and a quadratic component, 
T (1, 135).— 31,92, b < 001? These effects are 
depicted by the column means, where it can be seen 
that errors increased from Rank 1 to Rank 10, then 
decreased slightly. 

The findings of most interest concern the inter- 
active effects of familiarity and The linear effect 
of familiarity increased as a linear function of N, 
F (1, 135) = 26.76, b «.001. This reflects the fact 
that the increase in errors from Rank 1-Rank 15 
Was greater as N increased. The quadratic com- 
ponent of the familiarity effect first increased, then 
decreased as N increased, as indicated by the 
Quadratic x Quadratic interaction, F (1, 135) = 
8.24, p < .005. This interaction can best be de- 
scribed by examining the relative difficulty of prob- 
lems having the least familiar solutions (Rank 15) 
for different levels of N. With N = 5, all problems 
were quite easy, and selecting the least familiar 
solution was slightly easier than finding those of 
intermediate frequency. For N ess. difficulty gen- 
erally increased, but problems with the least familiar 
solutions were clearly easier than those with sl ightly 


? Because of the dubious 
and their lack of applicahy 
natives, the five familiarity 
spaced ordered series in the anal 


‘curacy of the normative ranks 
to problems with five alter- 
„Were treate 
is, 


ilit 
I 
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more frequent solutions. However, with N = 25, 
there was both a general increase in errors and a 
consistent trend toward greater difficulty with de- 
creasing solution familiarity. 

There were modest changes in performance over 
the problem series. Figure 1 depicts the mean num- 
ber of errors for successive two-trial blocks for each 
level of solution familiarity. A comparison of the 
first and last blocks indicated an overall reduction in 
errors with practice, F (1, 135) = 448, p < .05. 
More importantly, the quadratic component of the 
familiarity effect increased in magnitude. with 
practice, F (1, 135) = 5.42, p < 025. „As indicated 
in Fig. 1, there was a clear reduction in errors only 
for Ranks 1 and 15; the latter change resulted in 
difficulty being noticeably curvilinearly related. to 
solution familiarity at the end of the problem series. 

Discussion.—The results can be explained in terms 
of two strategies for selecting the correct alternative 
from a set of items forming a frequency hierarchy: 
One strategy is to guess alternatives in order of de- 
creasing frequency, while the other is to guess alter- 
natives at the “correct” level of familiarity. The 
fact that errors generally increased with decreasing 
solution familiarity implies that .Ss try alternatives 
in order of their frequency, as other studies have 
shown (e.g., Duncan, 1966). To the extent that Ss 
behave in this fashion, adding distractors should 
prove more detrimental when the solution is less 
familiar, since more of the distractors will be more 
familiar than the solution. This expectation was 
corroborated by the finding that the inverse rela- 
tionship between errors and solution familiarity 
was more pronounced as N increased. 

The alternate strategy of guessing items of appro- 
priate familiarity is related to the curvilinear com- 
ponent of the familiarity effect and its interaction 
with N. The effectiveness of such a strategy depends 
on the discriminability of the correct alternative 
(Duncan, 1967). In the present study, with 5 or 15 
alternatives, the least familiar solution (Rank 15) 
was more discriminable than solutions of inter- 
mediate familiarity, and fewer errors were made in 
selecting it (Table D. However, with 25 alter- 
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levels of familiarity (rank in a normative freq 
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Natives, "m 
TA The least familiar solution no longer had 
ded ly greater discriminability, and finding this 
e was most difficult. 

that 3s have so of appropriate: frequency requires 
quency level. In th knowledge of the correct fre- 
could be se . In the present study, this knowledge 
BEC ven during the problem series; con- 
arity elat r aes component of the famili- 
of the ener most pronounced at the end 
fie data fr S a result which was obtained. 
order of decr "ge indicate that guessing items in 
Strategy E E frequency was the predominant 
changed to SOUPBIEITIS of the series, but that 5s 
level by s eed items at the correct frequency 
analyses n end of the series. Supplementary 
On the first A Du patterns support this account. 
frequent it pro blem, Ss early guesses were relatively 
tendency doe (in all conditions) and there was a 
ing P T to be made in order of decreas- 
Problem me In marked contrast, on the last 
quency i guesses regularly decreased in fre- 
tended to ers familiarity, and early guesses 
evels. Afte c iiie to appropriate frequency 
to estimate p he problem series, cach S was asked 
Solutions; t] i rank (based on frequency) of the 
5; these estimates were reasonably accurate 


in all ; 
all conditions. F rhe E 
nditions, Furthermore, within a condition, 


Ne accura 
iracy of these estimates was unrelated to the 
the solutions. 


Numb, 
M ei JU . c " 
hus $9. errors made in finding 
S, : h Lam 
reflect v i practice effects shown in Fig. 
ifferences in the ease with which the cor- 
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rect item could be discriminated from distractors 
of similar familiarity rather than variation in the 
accuracy of knowledge concerning the correct fre- 
quency level. 

An implication of the present findings concerns 


the effects of problem-solving sets. The adoption 


of a set, whether through training or instructions, 
e number of alter- 


may be described as decreasing th 

natives to be considered as possible solutions. If so, 
these results suggest that an appropriate set should 
be more effective (relative to a contro! condition) 


for less familiar solutions. 
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3 [OIN IN ENTA EARNING: REPLICATION 
E OF IMAGERY IN INCIDENTAL LEARNING 
vi AND EXTENSION OF AN EFFECT? 


PETER W. SHEE 


U 


The hypothesis was tested that more high-imagery-arousing 


N 


ersity of New England, Armidale, A ustralia 


than low-imagery- 


arousing noun stimuli will be recalled in incidental (INC) às compared to 
intentional (INT) learning. The Ss were tested for recognition of 18 concrete 


and 18 abstract nour 
supported the prediction and 
instructions was a determining 


Imagery defined in terms of 
sponses aroused by concrete stimulus material has 
been shown to be an effective mediating variable in 
the recall of material in a variety of memory 
situations, including tests of free recall and recogni- 
tion (Paivio, 1969). A recent study (Sheehan, 1971), 
following an implication of data presented by 
Sheehan and Neisser (1969), suggested that imagery 
so defined plays an adaptive role in the incidental 
learning context. More concrete than abstract 
noun stimuli were recognized in incidental (INC) as 
compared to intentional (INT) learning when Ss 
inspected stimuli under a familiarity orienting set 
and were examined for recall by tests of both free 
recall and Tecognition, given in that order. Three 
factors, however, rendered results in the experiment 
Possibly equivocal, First, data may have indicated 
a chance effect; the differences found were significant 
only once at the .05 level. Second, the test of 
recognition was administered after a test of free 
recall; Preceding procedures may have had an 
important effect on Ss’ recognition performance 
leading to different results for the two learning 
groups—clearly, a recognition-alone test is required. 
Third, only one E conducted the study; expectations 
of Ss about recall were hence not tested by the most 
demanding Procedure available: an inquiry by a 
"blind" E who has no knowledge of Ss' learning 
performance and does not know the identity (INC 
or INT) of the learning Ss. The Present study aimed 
to modify the procedures of this experiment specific- 
ally to meet these three criticisms and to test for the 
adaptive role of imagery in INC learning. 

Learning relies strongly on the nature of the 
representational responses available to .S in the 
learning situation; and these responses serve to 
facilitate memory, Imagery is one such representa- 
tional response and concrete noun stimuli should be 
recognized equally well in both the INC and INT 
learning situations since images are easily aroused 
by such stimuli at inspection, As the imagery- 
arousing value of the noun stimuli diminishes, 
however, more effective representational responses 
(such as verbal coding) should be aroused in the 


the nonverbal re- 
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controlled for meaningfulness 


and familiarity. Results 


showed that motivation to learn under INT 
factor of the strength of the effect. 


intentional context since INT Ss are motivated 
by the knowledge that they later will be asked to 
remember and INC Ss do not have any special set 
to learn. Memory facilitation by imagery rather 
than by verbal means also should be more likely £o 
occur in the unexpected recall situation than in INT 
learning, for in the latter context nonverbal and 
verbal mediators are both normally freely available 
to aid memory. Thus there should be no difference 
or a small difference between intentional and 
incidental learners in the recognition of concrete 
stimuli, but a relatively large difference in the 
recognition of abstract stimuli. Hence, the hypoth- 
esis of this study follows that there will be a larger 
difference in recognition accuracy between concrete 
and abstract noun stimuli under incidental than 
under intentional learning conditions. The inciden- 
tal learning context is defined, here, as one where Ss 
clearly do not expect they will be later asked 
to recall. 

Method.—Independent sets of 20 (10 males and 
10 females) first-year Psychology students were 
allocated to each of four learning conditions: INC, 
INT, INT-Motivated, and INT-Control. All 80 
Ss were unpaid volunteers. The INC and INT 
conditions essentially replicated the confirming 
conditions of the previous experiment, but tested for 
the predicted effect more adequately by meeting 
the objections outlined above; the remaining two 
conditions provided new information about the 
predicted effect, 

Stimuli were 18 concrete (1) and 18 abstract (N-D) 
nouns printed in matt-black ink on 5 X 3 in. index 
cards. ch noun was exposed tachistoscopically 
for4sec. The imagery index values for the concrete 
(e.g. MONK, NAIL) and abstract (e.g., CHANCE, THE- 
ORY) nouns were 6.25 and 3.08, respectively, an 
words were equated for both meaningfulness, fe 
and familiarity, f. Word values were selected mo 
the list as published by Paivio, Yuille, and Madiga 
(1968). Two variations of noun ordering were p 
at inspection: random arrangement of I and. hin 
stimuli, and random arrangement reversed. W e 
each experimental group Ss were alternated eee 
one list to the other. All Ss were given two pros Sz 
stimuli (TABLESPOON and SENTIMENT) to familiariZ 
them with experimental procedures. iy was 

The "nonlearning" nature of the study d 
implied to INC Ss by initial instruction to 


groups, afi = 
S, alter Ss hg > 
UE ma à Ss had entered the experimental room 
individual dif terested in the measurement of 
erences in rati T 
numbe. T" s I rating judgments z 
mer of dat tui tg tt, AE 
INT, » : e I? 
Judge how D» Motivated groups were asked to 
Stimulus, n ar they were with each noun 
familiarity of indi d kc mret groupen Se (ted die 
= ividual sti s ite pe 
Tating scale. m stimulus items on a 7-point 


ng a key to indi 
rating.” D nd s indicate he had made the required 
above-mentic Aya Ss did not receive the 
Spection, pg familiarity orienting task at in- 
asked to med s instruction they were simply 
each similas fe key to indicate they had seen 
n , 
ver gel learn' was manipulated by means of 
received ne Hielo. „The in the INC condition 
other Ae instruction prior to stimulus inspection 
familiarity, ; request for them to judge the 
lon Nen 5a the stimuli, The Ss in the I UT condi- 
hey were E ted identically cept, in addition, 
Stimul old, just prior to receiving the practice 
many sked to recall a 
The Ss in 


y be later a 
hard to learn as 

The Ss in the 
tructed to learn the 


INT. 
stimuj otro] condition were ins 
TE rena an identical fashion 
for the divated group. Instruc 
and DOT groups were otherwise sir 
os create stimuli were prese 
all gy i the presentation of the 

Wn a jp» tested for recognition. 
st of 100 nouns containing the 36 expe 


tions and procedures 
milar. Practice 
nted once, and 
last stimulus 
The Ss were 


Sho. 
ri- 


Ment, 

„tal stimuli a T r 

Varying anual and 64 additional “distractor” nouns 

the nouns ip agery-arousing value. All Ss circled 
i Ney recognized on answer sheets provided. 


O time lim; 
wo femi was set for their ask. 
tested lea, Were involved in the study. The Ei 
following hace in the session proper and inquired 
Imagery as recognition test into the nature of Ss 
ae Ss we jon and at the moment 
hen taken to Æ: who conducte 


of recall. 


da 


TABLE 1 


Mr. 
ns Reaction Tim 
ND AnsrRACT (NU 
EACH OF THE 


Gr 
r SUBJECTS Ti 
L GROUPS 


Stimulus imagery value 


Senma pe 
EC 1 
INC 3 ra | # 
INT iy 
INT-Motivated HS 
NT-Control cd 


Note,—j; = 20 per group. 
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D nv MALE 


MEAN NUMBER OF 
Four 


AND FEMAL 


Experimental group |— 


C 
Male 
it. 169 


IN 


INT 


Note.—n = 10 per group. 


inquiry into their expectations about 
the possibility of recall. The second Æ was “blind” 
both as to the identity of each experimental Sand 
to the nature of Ss’ actual recognition performance; 
his inquiry ranged from general to very specific 
probes into Ss’ perceptions of the purpose of the 
study. The "blind" procedure eliminated 14.3% 
of the S sample, whereupon additional Ss were 
tested to equate experimental groups in S size 
(n = 20). 
Results and 
pressing given 


compreher 


discussion —Mean reaction times for 


to the two kinds of imagery 
ii by Ss in the four experimental 
Table 1. Reaction time data 


x32 (Experimental Group 
is of 


k 


arousing stimu 


are listed in 
zed by a + 
Value) split-plot_analy: 
variance. Analy a significant main 
effect for stimulus imagery value; over all groups, 
Ss took longer to respond at inspection to N-I 
stimuli than they did to I stimuli, F (1, 76) = 17.13, 
p < 001. Interaction analy however, showed 
that the INC, INT, IN lIotivated and INT- 
Control conditions were equivalent in the time 
discrepancy between the two types of stimuli, F < 1. 
Results indicated that although Ss may have taken 
longer to respond to the abstract than they did to 
the concrete stimuli, the differences in reaction time 
to the two kinds of stimuli did not vary’ among the 
separate groups. Hence, observed differences in 
the accuracy of recognition of I as compared to 
N-I stimuli from one group to the other cannot be 
attributed to group-specific variation in response 
time at inspection. 
Table 2 sets out the data relevant to accuracy of 
recognition an lists the average number of I and 
N-I stimuli correctly recognized by each of the 
four experimental groups. Scores were subdivided 
to take account of the sex of Ss anda 4X2 X2 
Group X Stimulus Imagery Value 


groups 
were anal 
x Stimulus Imag 


showed 


(Experimental 
X Sex of 5) split-plot analysis of variance conducted 
the differences among Ss in their accuracy 


to analyze t 
of recognition. Analysis indicated significant main 


effects for experimental group, F (3, 72) = 3.41, 
p< 05, and stimulus imagery value, F (1, 72) 


= 
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= 100.36, p < .001; and a significant interaction 
effect between stimulus imagery value and experi- 
mental group, F (3, 72) =445, p< .01. The 
interaction test result directly 


noun stimuli would 
al than in intentional learning. 
Individual t-test comparisons across sexes of the 


mean differences among learning groups indicated 
that the INC condition differed appreciably from all 
intentional learning conditions: the INC group 
differed from the INT condition, £ (72) = 1.64, 
p < .06, ated condition, £ (72) 
, and the INT-Control condition, 
Results suggest that 


veen the INC and INT 
conditions under familiarity orienting set (Sheehan, 


1971) were small but real. Data also extend 
previous findings, They show that the predicted 
effect is strengthened considerably when the learn- 
ing nature of the intentional condition is empha- 
sized to Ss (as in the INT-Motivated and INT- 
Control conditions) by E asking Ss to make an 
effort to learn the material that is presented to them, 

Close analysis of the data indicated that there were 
small differences between intentional and incidental 
learners in the recognition of concrete stimuli, but 
relatively large differences in the recognition of the 
abstract words, Comparing the INC and INT- 
Motivated conditions, for example, for recall 
Patterns of I and N-I stimuli (considered separately) 
evidence, showed that [ recognition tended to be 
maintained under the expected and unexpected 
recall conditions, / (38) = 1.24, p > .10, while N-I 


poorly recognized under 
under intentional 


N-I positives recognized. 
]uiry into the nature 
hen stimuli were first 
rences among the four 
ness of mental imagery (as 
point rating scale) reported by Ss 
present at inspection, F (3, 76) = 1.52, 


measured on a 7- 
to be 
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b> .10. This result indicates that nonverbal 
reactions, viewed as representational responses 
elicited by stimuli at presentation, were equally 
available to facilitate recognition for the incidental 
and the intentional learning groups.. Since stimuli 
adopted for the study were controlle "for meam an 
fulness and familiarity, the obtained variation in 
and N-I patterns of recognition performance seems 
better explained in terms of the varying capacity 
of concrete and abstract noun stimuli to arouse 
sensory imagery than by appeal to verbal media- 
tional strategies. " 
Table 1 shows clearly that the pattern of differ- 
ences in I/N-[ recognition among the various groups 
is virtually identical for both males and females. 
There was no evidence of NU. mue sex differences 
in the overall accuracy of recognition for either 
type of imagery stimulus; and males and females 
showed equal amounts of INC learning, ¢ (18) 
= 39, p> 10. These results conflicted to some 


extent with the findings of Ernest and Paivio (1971) 
who reported significantly higher INC learning for 
females than for m 


ales on an item-recognition a 
The emergence of a similar-sized effect a 
independent Es in separate studies attests to th 


consistency of the Phenomenon being irivestigated; 
Results Suggest that previous findings did no 
reflect chanci 


€ outcomes, or effects due simply to 
the contamination of the recognition measure by 
Ss’ previous recall of test stimuli. idering the 
replicability of test results on and the 
initial absence of the predicted effect in free reca 
(Sheehan, 1971), further work needs to explore the 
extent to which imagery effects in INC learning are 
relevant to particular tests of memory, 
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ENCODING VARIABILITY 


AND IMAGERY: EVIDENCE FOR A 


SPACING-TYPE EFFECT WITHOUT SPACING? 


DONALD ROBBINS? AND PHILLIP S. WISE 


Emory University 


Thirty Ss were tested for recall of medium-imag 


ery noun pairs after one 


or two presentations. The presentations were separated by a high- or low- 
imagery noun pair, which was assumed to be an easy or difficult intervening 
task, respectively. After one presentation, fewer errors occurred following an 
easy intervening task, while after two presentations the reverse was found. 
The results were interpreted as supporting an encoding variability view of 


retention. 


TES . : 
of GE foals with an encoding variability view 
an item is Feier d this view states that when 
Subsequent re n ed, 5 stores a coded version, and 
ditional cider ie provide opportuni s for ad- 
codes, the ES skora The more variable the 

Recently, Bjo i y k is to recall the item. N 
genious a ver and Allen (1970) devised an in- 
notion. Usir od for testing an encoding variability 
they sete ids modified Brown-Peterson paradigm, 
ceo he processing difficult y of the task that 
The t between two presentations of an item. 
i sults indicated that after a single presentation, 
items followed by an easy intervening task were re- 
called better than items followed by a difficult inter- 
vening task. However, on the retention test follow- 
ing a second presentation (which had a task of mod- 
erate difficulty following it), the difficult intervening 
task condition showed as much recall or more than 
the easy intervening task condition. Bjork and Allen 
concluded that their data supported an encoding 
variability theory on the assumption that the dif- 
ficult intervening task leads to more variable codes 
than the easy intervening task. 

In the present study, another method was used to 
manipulate the difficulty of the intervening task. 
Paivio (1969), among others, has shown that there is 
a direct relationship between ease of visual imagery 
and recall of pairs of English words. Specifically, 
he and his colleagues (see Paivio, 1969) have shown 
that pairs of high-imagery words are better recalled 
than pairs of low-imagery words. In the present 
study, a continuous, paired-associate, study-test pro- 
cedure was used, where the critical test items were 
medium-imagery pairs. The critical items that were 
presented twice were separated by either a high- or 
low-imagery pair, which were assumed to be an easy 
or difficult task, respectively: In addition, some 
items were presented only once where the presenta- 
tion and the test were separated by either a high- or 
low-imagery pair. It was expected that. after à 
single presentation the easy intervening pair condi- 
tion would show fewer errors on the test than the 
difficult intervening pair condition; while for the 


repetition conditions, the difficult intervening pair 
uda e S. x 
y a grant from Emory 


rch was supported in part b 


1 This resea: inue) 
raduate i t to Donald Robbins, 
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condition should show the same number of or fewer 
errors than the easy intervening pair condition. 
Method.—The critical items were pairs of medium- 
imagery nouns which were given one or two pre- 
sentations. For the single-presentation conditions, 
the presentation of a medium-imagery pair was fol- 
lowed by either a high-imagery pair (which was as- 
sumed to be an easy task) or a low-imagery pair 
umed to be a difficult task), and then 
For the repetition 


(which was 
by a test of the medium pair. 
conditions the two presentations of a medium- 
imagery pair were separated by a high-imagery or 
low-imagery pair, followed by two presentations of 
two different medium-imagery pairs and then a test 
of the repeated medium pair. In order to prevent 
Ss from detecting the structure of the sequence, 
some repetition conditions were constructed in 
which a single rather than a repeated item was 
tested. As a result, each S had 12 test trials of the 
easy intervening and 12 test trials of the difficult in- 
tervening single-presentation conditions and 6 test 
trials of the easy and 6 of the difficult intervening 
repetition conditions. As an additional precaution, 
single-item-presentation trials were administered 
which were followed by an immediate test—the 
tested items in these cases were not the first pair 
presented, a medium-imagery pair, but rather either 
high-imagery or low-imagery pairs. Each S had six 
such pairs. The conditions were presented to S ina 
randomized block order. In addition the first six 
pairs were not tested. 

Thirty undergraduate students from an intro- 
ductory psychology course at Emory University 
fulfilled part of a course requirement by participat- 
ing in the study. 

The stimulus materials were pairs of low-low, 
medium-medium, and high-high imagery nouns 
taken from the Paivio, Yuille, and Madigan (1968) 
norms, with means of 2.52, 4.75, and 6.65 for low-, 
medium-, and high-imagery nouns, respectively. 
The word pairs were printed on 3 X 5 in. index 
cards for study trials, and the left-hand member of 
each pair was printed on the left-hand side of a 
3 x 5 in. index card for test trials. Three different 
lists were compiled and two different orders (of the 
various conditions) within each list yielded six sub- 
lists. Five Ss were tested on each sublist. An in- 
terval timer made a loud audible click every 6 sec., 


F 
{ 
| 
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which was a signal to turn to the next card. Both 
study and test trials were of 6-sec, duration. 
An experimental session, which lasted 
mately 30-35 min., consisted of 222 
sentation trials and 48 test trials). à 
tested individually and given interacti 
agery instructions, and the nature of s 
trials were explained to them. 
were to read the words aloud 
image; on test trials they 
aloud and then give the 
formation was given on t 


approxi- 
trials (174 pre- 
The Ss were 
ve visual im- 
tudy and test 
On study trials they 
and then form the 
Were to read the word 
Tesponse vocally. No in- 
est trials. The cards were 
placed on a table and presented face up to S, one 
at a time. Since it took approximately .5 sec. to 
turn a card, the presentation rate was approximately 
one card every 6 sec, "Thus, for the single-presenta- 
tion conditions, the retention interval was approxi- 
mately 6 sec., except for the immediate tests where 
it was approximately .5 sec, For the repetition con- 
ditions, the interval between the repetitions was 
approximately 6 sec. while the retention interval 

sec. (two items), 
n.—Since there were no obvi- 
tween sublists, the data for all 30 


- A lenient scoring procedure Was 
Was only one ca: 


; à lenient or strict 
yields almost id, 


he mean Percent errors for e; 


calculated and revealed that afi 
after an easy interven 
rors; while afte 


‘ach condition was 

ter one presentation, 

ing pair, Ss made 25.6% er- 

r à difficult intervening pair, 5s made 

3% errors, However, after two Presentations, 

23.9% in contrast to 35.6% errors were made for the 
diffi Sus the easy ir i i 


) was performed 
on the diffe 


Tence between the number of errors in the 


easy and difficult condition for each S K 
a significant difference for the one-presentation con- 
dition, 4 (29) -195, and for the repetition condi- 
tions, A (29) = 3202; p <.05 in both c , since 
A (29) € .264 for the 5% level of significance. ' In 
addition, Ss made 2.2% errors on the immediate 
tests for both high- and low-imagery Pairs. 

The results of the Present study reveal that after a 
difficult intervening Pair, Ss made More errors in re- 
call for the Prior item than after an easy interven- 
ing pair. When a second presentation was given, 
rather than a test, a subsequent recall test revealed 
a reversal: those pairs whose repetitions were sep- 
arated by a difficult pair were recalled better than 

petitions were separated by an 


and revealed 


those pairs whose re 
easy pair. 

The findings that ‘Ss made more 
than after one prese. 
ask condition 


errors after two 
ntation in the easy 
the result of a 
1mbers of inter- 
e two, if one as- 
1g Occurred on the sec- 


vening pairs or a combination of th 
sumes that minimal processir 
ond presentation of the pair, 


Thus, these results extend those 
Allen (1970), who using a different par; 
similar reversal, and thus may 
support for ane 
retention, 


of Bjork and 
adigm found a 
be viewed as further 
ncoding variability interpretation of 
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: EFFECTS OF STRING LENGTH AND STRING COMPOSITION 


BAYLA MILLER MYER asp DANIEL C. O'CONNELL 


Saint Louis University 


Memory span was tested for s 
sequen 


Ss recorded recall when the exposure interval elapsed. Memory span oi 
strings decreased as string length or number of diffe: 
d. Recall of digit strings wa 
ablished storage and retrieval strategies (viz., grouping 


acrea 


the strings 
only. Well- 


mbol and digit strings. Symbol strings were 
ly exposed on a memory drum for 3 sec., and digit strings for 1.5 sec.; 


f symbol 
rent symbols composing 


s a function of string length 
) are 


evidently available to increase digit recall. 


Tar ape ge 
s an's s rm memory. 
Memory is incrementally extended by organizing 
multiple information within this limited capacity. 
Three relevant factors that concern memory span 
of strings are (a) length of the string to be recalled, 
familiarity with the material that composes 
string, and (c) grouping of the elements within 
a string. 
ee and Parrish (1957) found that grouping 
]ues increased the recall of digit sequences, 
but that difficulty of string recall was not affected 
as number of different elements composing strings 
Increased ; they did not vary the conditions syste- 
matically, Williams and Fish (1965) systemati 
Varied string length and number of different elements 
ined ring digit and symbol strings to assess im- 
USE iate retention differences between familiar and 
" amiliar strings of different lengths and compos 
Hg Tüscetum retention of strings decreased a: 
MEE ength, number of different elements within 
us and material unfamiliarity increased. These 
sults contrasted directly with the finding of 
rannel and Parrish that digit-string recall difficulty 
The present study 


alana, Ss were tested in each condition in 

Peated-measures design. There were 36 stimulus 
Conditions representing all possible combinations of 
String lengths (2-9 total elements) and number of 
liflerent elements composing the strings (2-9). 
2ümulus conditions formed a half matrix as in 
Table 1, j 

, Nine experimental symbols were used: asteri 
circle, diamond, cross, triangle, slash, sem rcle, 


Square, and upside-down T. Symbol height was 
all easily verbalized and 


je in. The symbols were ily gre 
were all equally recognizable (Williams & Falzon, 
963). Each symbol was centered on a §-in. square 

affixed to the 


and sequences were a t 
Memory-drum paper with nonreflective Scotch 
Magic tape. Elements for digit strings were 
numbers 1-9 in standard pica tYDe- Single blank 


typewri cen adjacent elements 
typewriter spaces were between a ja k 
Sepa The 5s received two 


White background 


in digit-string cons i 

" * g construction. pa wie 

Sets of symbol strings and two S€ strings. 

uomen ‘Connell, 

. | Requests for reprints should be sent tq Sona 

Nol Department of Moy, Saint Louis URSUS 

North Grand Boulevard, Saint Louis, Mis: =~ 
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Each set contained 36 strings representing all 
combinations of string lengths and composi- 


possible 
tions. String composition and sequences of strings 
within lists were determined randomly without 


replacement. A postexperimental questionnaire was 
given concerning ease of string recall, strategies for 
retention, and material differences. 

The Ss were seated 15 in, from a Stowe memory 
drum window. Instructions for ordered recall were 
read by each S, and each .S received information 
concerning the specific sequence in which the four 
were to appear; list sequence orders were 
balanced among Ss. Five practice trials were given 
before each actual experimental list to familiarize S 
with the stimulus materials. Strings were presented 
tatime. Symbol list strings were 
with 12 sec. for recall, digit strings 
A previous 


lis 


sequentially one a 
exposed for 3 sec. 
for 1.5 sec. with 6 sec. for recall. 


TABLE ! 


'OR SYMBOL 


ME. E is 
(UPPER ENTR ENTRIES) 
Number of different symbols or digits in string 
String » N 
length 
2 3 4 $ Lo] e b 
| 100.0. 
2 
100.0 
100.0 | 100.0 
3 
100.0 | 100.0 
97.9 100.0 93.8 
4 
100.0 | 100.0 | 100.0 
96.5 | 93.4 | 81.6 | 68.3 
5 
100.0 | 100.0 96.7 
80.6 55.6 | 43.1 
6 
93.0 | 94.4 | 90.3 | 97.2 
67.9 | 45.3 | 59.6 | 44.0 | 40,5 
7 
84.6 | 84.0 | 86.9 | 90.5 | 93.9 
77.1 37.5 | 50.0 | 39.6 | 39.6 | 41.7 
8 
78.2 78.1 | 82.3 | 81.3 
86.2 | 39.8 | 42.5 | 28.8 | 34.3 | 24.1 | 34.3 | 31.5 
9 7 m 
78.7 | 78.6 | 61.5 | 69.5 | 73.2 | 68.5 | 67.6 | 65.8 
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igati jilli; t Fish 
i tigation (Williams & (d ted 
E uu exposure rates were equivalent for diffi 
dc y of recall. The E observed S in a mirror to 
Es sure that S did not begin written recall bitte 
the string disappeared from view, Each S complete 
two sets and had a 5-min. break before finishing the 
remaining two sets. . 
Six males voluntarily served as Ss. 
psychology graduate students at 
versity and were n 
tudies. i 
| Results.—Due to the incomplete matrix. d FAR 
i timulus conditions, only four string lengths 
ing the s * ou ag jecaths 
nalyses of variance for the digit 
+ Two lists of each string type 


mbol) were used; therefore a trials 
factor was included to determin 


1965) indicated 


They were 
St. Louis Uni- 


e practice or fatigue 
effects. he analysis of Variance model is String 
Length x Composition X Trials. 


The dependent variable w. 


Symbol string recall decrease: 
or the number of different 
string increased ; digit- 
string length increased, 
ifferent compositions 
variance analyses for Percentage d, 
an arc-sine transformation, A Conservative F test 
=1,2) was used to letermine 
significance since a Tepeated-measures design was 
employed, re two 
significant ngth, F (1, 4) 
= 7.03, p< «05. different elements 
23.63, b < .005. 
- The absence 
ated by non. 


d as either string length 
symbols composing the 
String recall decreased as 
but remained consistent as 
Varied, 


ata required 


Analysis of digit-stri 
F for string length, F(,4)-3 44, 
main effect of number of different elements com- 


posing the string was not significant, FiS) a 1.33. 
here were no intei 


data yielded a Significant 


b« -005; the 


Taction or trial effects, 
Discussion Symbol recall decreases as either 
String length or number of different symbols com, 
Posing strings increases Symbols are not easily 
grouped to facilitate storage and retrieval; each 
symbol and its location in t i 


Grouping 


Crease reca]] (Crannel ÅP: 


techniques a 
symbols, 
everyday usage 
quences; Ss 


t grouping 


S not require m 
do not ha i 


Position: er 
t equal re 
ere we 


“Ince digits are familiar, 
nd retrieyj 


ing digit Sequences 
trategies available, 
cilitates recall and reduces the 
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5 EN EI. 
separate cues necessary for encoding. — 
recall was superior to symbol recall d TE 
exposure time was half as long; omia Y 
chunking differences can account for this Eu "EE 

These findings agree with Williams an vi 
(1965) with two exceptions, Williams and. F 
found that increasing the number of diffe 


i 1 
elements composing the strings decreased the recal 
for both symbol and digit 


strings, but agrees with the 
Parrish (1957) on digit- T 
and Fish variance analysis on symbol 


à significant Length x Composition x 
action which the 


data yielded 
Trials inter- 
xplain; there 
factor interaction in 


rather than 
Spacing 
the Strategy § 


when applied to iympols 
Tents within strings affects 
When repeated elements 


: t the ends of the string, 
iation among elements and retention are 


nspection of the idiosyncratic strings 
composing symbol lists indicated that the Ransch- 
burg Effect (RE) accounts for much variability. 
RE (Jahnke, 1969) i Y phenomenon in 
memory th a string contains a re- 
ment tends to be 
ecause: Siis not: sure of the 
itions or the number of elements 
- This inhibition occurs readily 
ings are easily Perceived as containing 
Tepetitions, When repeated symbols were spatially 
close, the use of grouping could have inhibited 
retention, 

Since the questionnaire indicated that digits were 
Stored by interna] verbal Organization, whereas 
symbols were stored by Perceptual mechanisms, a 
Post hoc inspection of symbol data was conducted. 
Since symbols y ted for total Secure 
in strings, distribution of intrusion errors for oe 
symbol wa » not comparisons of tota 
incidences errors, 
randomly The data 
olved perceptual Poe 
he modal error (9 out of 4 
en an asterisk was required (which 
Ss); circles were misrepresented most 
frequently as semicircles (10 out of 40), a oe 
Ponent of both symbols; diamond errors were most x 
accounted for by triangles (52 out of 102), and TH 
Versa (23 out of 78); and upside-down T and Me 
Confusions (both symbols being perceptual con 
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pus of the asterisk) accounted for 41 of the 98 
otal errors made involving these two symbols. 


REFERENCES 


& Parrisn, J. M. A comparison of immediate 
and words. Journal of Psychology, 


AHN 


27. 
1969, vL : The 


LEE Ranschburg Effect, Psychological Review, 


Journal of Experi 
experimental s " 
1972, Vol. 95, No. 1, al Psychology 


VISUAL SERIAL SEARCH PERFORMANCE 


233 


Mutter, G. A. The magical number seve 3 i 
SEES ag n, plus or minus two: 
Some limits on our capacity for ssing i i 
Psychological Review 1936, 63. Qon i information. 
WiLLiANS, J. R., & ‘on, R. P. The relationship of display 
system variables to symbol recognition and search time. 
Journal of Engineering Psychology, 1963, 2, 97-111. 
Wittens PR S EH D. L. Effect of item length and 
ifferent elements on i i; y 
nomic Science, 1965, 3, nee cb QS memory; Roda 


(Received June 17, 1971) 


FOR NUMBER AND LETTER TARGETS! 


S. VITERBO McCARTHY? 


Regis College, Massachusetts 


To discover whether visual serial sea. 
from visual serial search time for numbers, a 


was used with two groups of 20 undergradu: 
al search performan 


the superiority of visual seri 
letter targets when 60 sec. 


serial search trials on variable forms. 
f occurrence of 


the higher frequency o 
components. 


S Typically, number targets are used for studying 
Isual serial search performance (Ammons, 1955; 
underwood, 1961; Weber, Carlton, & Perry, 1970). 
ERAI the question has been raised by Under- 
ns (1966) : “will search time for letters be different 
om search time for numbers [p- 285]?" 

ere een of the critical features of the 26 
T talized alphabetic targets with the critical fea- 
sie of the 26 arabic number targets 0-25 suggests 
disti all components of the alphabetic targets are 
eae whereas there are only 10 distinctive 
Eher ae or couplings thereof for the numeric 
phab e "Thus, a serial search for 26 consecutive al- 
nent etic targets would assure seeing each compo- 
o once, while a serial search for the same number 
A eceH nave: numeric targets would probably mean 
Ing each component more than once. The num- 

er of possible repetitions would range from 2 to 13 
depending upon the component and its location 
within the target number; over several trials, repe- 
titions or frequency of occurrence would become still 
more marked. That more frequently occurring 
targets are searched more rapidly has been demon- 
strated for discrete visual search tasks (Krueger, 
1970). If Krueger's findings also pertain to serial 
visual search tasks, then visual serial search time for 
number targets should be significantly faster than 


visual serial search for letter targets. 


! Research s s ided by 7-7563 from the 
"mn support was provided by Grant GY-750: rom 
National Science Foundation to Regis College. The author 
à hes to thank Linda Faldetta and Jane Grenier for their as- 
{stance in the conduct of the experiment, and Warren D. Grib- 
ons and Elizabeth Shuhany and their students for cooperation 
n this research. i 
De Requests for reprints should be sent toS. Viter 
epartment of Psychology, Regis College, Weston, 
chusetts 02193. 


erbo McCarthy. 
Massa- 


or 0 sec. interve 
The observed effect was attributed to 


rch time for letters differed significantly 


repeated-measurement design 
ate female Ss. Results established 
ce for number targets over 
ned between 10, 30-sec. visual 


number target and number field 


Method.—To test this hypothesis, a repeated-mea- 
surements design was used: each S searched both 
number and letter targets over 10 practice trials with 
either 0-sec. or 60-sec. intertrial intervals. Across 
number and letter fields, forms were matched for 
step size (distance between consecutive targets) and 
variability of step size (a changing or fixed distance 


between consecutive targets), constraints within any 
single trial which affect visual serial search perfor- 
mance (Weber, Carlton, & Perry, 1970). Five forms 
were used with both number and letter targets; each 
was repeated once after five trials; there was an in- 
complete between-Ss counterbalancing of forms 

sec. or 60-sec. intertrial 


across trials. For either 0- 
intervals, variable forms which are less affected than 
ning were used, since 


constant forms by specific lear; 
constraints across visual serial search trials which are 


known to alter performance include intertrial inter- 
vals and constant or variable forms (Ammons, 1955; 


Underwood, 1961). 
Each variable form had 26 letter targets, A to Z 


(L Forms), and 26 number targets, 0 to 25 (Gs 
Forms). Letter target “A” or number target “0” 
was centered and underlined on each page of L 
Forms or N Forms, respectively. The targets were 
sprinkled over an 80 X 80 space covering 5 in.* on 
81 X 11 in. paper. To position targets in this co- 
ordinate space, 25 ordered pairs were generated from 
a table of random number. Each letter from BtoZ 
was randomly assigned an ordered pair which de- 
scribed its position on the serial search form; this 
procedure was repeated to obtain five variable L 
Forms. The 26 number targets on the five variable 
N Forms were positioned so as to correspond with 
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TABLE 1 
MEAN AND STANDARD D. 


EVIATION FOR TARGETS Sk, 
OVER TEN Trial 


ARCHED 
LS FOR TWENTY SUBJECTS 


Cond. 


60-sec. intertrial interval O-sec, intertrial interval 


Trial no. 


N Pom | LForm | Nerom | E Form 
X 

1 12.85 
2 13.30 
3 15.15 
4 15.05 
5 14.85 
6 15.55 

7 16.05 
8 17.70 
9 16.55 
10 16.95 

Overall 15.40 
the 26 letter targets as they occurred on the five 
variable L Forms, 

Two groups of 20 undergraduate female psy- 
chology concentrators from Regis College, We ston, 
Massachusetts served as Ss, 


All participated as 
Part of a course requirement, 


The testing sessions for the twi 


in a large experimental psychol 
each session, two book! 


9 groups took place 


ogy laboratory, At 
lets containi 


ng 10 appropri- 
ately counterbalanced I, Forms and 10 appropriately 
counterbalanced N Forms were distri 


buted to each 
According to seating Position, alternate 
on the L Forms first and then on the N 
remaining Ss worked in the reverse order, 
wo Es were used to monitor Ss and to time trials, 
Acro. trials, S; ected to search and connect 
as many letters in alphabetical order or numbers in 
consecutive order as Possible, Commands to “Start” 
and “Stop” signaled the beginning and end of each 
trial. For each 5, the number of targets connected 
on each trial was recorded. 

For Group 1, half of the .Ss completed 10. 
visual serial search trials through randoi 
letter fields followed by 10 
search trials thro 
With a 60-sec, re. 


of 20 Ss, 
5s worked 
Forms; the 


, 30-sec, 
mly ordered 
, 30-sec. Visual serial 
ugh randomly ordered number fields 
st interval between all trials. For 
the remaining half of the Ss, the same Procedure was 
followed, but ts Was reversed so 
that number targets were searched for the first 10 
trials and Je ts for the last 10 trials. For 
rocedure was followed except 

al occurred between trials. 
ssion.—A three-way analysis of 
als x Targets) Wàs carried out 


argets connected by each of 20 Ss 
Forms | 


ts and di; 
Variance (Ss Xx Tri 
for the number of t; 
across 10 trials on 


a A - and N. For the 60-sec. 
intertria] Intervals, p [1 19) — 15.67, p < 01 ; with 
0 sec. between trials, F (4, 19) = 94’ 


24.90, p < 0001. 
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Under distributed conditions 
searched significantly faster 
the population sam 
with Group 2 w 


, number targets were 
than letter targets for 
pled; these results were replicated 
hen no rest intervened between 
trials. Moreover, there was a consistently higher 
performance with number targets than with letter 
targets on successive trials following both 60-sec. 
and 0-sec. intertrial intervals. The mean responses 


over 10 trials for 20 Ss on Forms L and N for both 
groups are listed in Table 1, 


One other main effect reached significance on this 


mixed model: across trials with 60 sec, intervening, 
F (9, 171) = 9.33, p < .001; with no intertrial rest 
over trials, F (9, 171) = 3.42, b < 01. The sig- 
nificant improvement Which occurred across trials 
is in line with earlier results obtained by Ammons 
(1955) and Underwood (1961). 
In response to the question rd sed by 
(1966), the results established. the superiority of 
Visual serial search Performance for number targets 
Over letter targets ther 60 sec, or 0 sec. 
tervened between 10, 30-sec. visual serial search trials 
9n variable forms. A partial explanation of the ob- 
served effect may be the higher frequency of number 
target components than alphabetic target compo- 
nents; this would justify an extension of Krueger's 
(1970) findings to include serial Visual search tasks. 
The type of target field may also account for the 
observed differences: when Krueger (1970) ex- 
amined discrete Visual search tasks for nontargets of 
high, medium, and low frequency, search time was 
significantly shorter for the Most frequent nontar- 
gets. By analogy, in serial visual search across al- 
Phabetic and numeric fields, numbers and letters 
which are not being searched as targets at any par- 
ticular instant may be considered nontargets which 
are being scanned though Possibly not seen, During 
the scanning Process, components of number fields 
with frequencies of 13, 8, 3, 2 would be scanned more 
often than alphabetic components of letter fields 
with a frequency of 1, 7 "he prediction would follow 
that the scanning of certain high-frequency com- 
ponents in number fields (nontargets) would con- 
tribute to a shorter search time than the scanning of 


the unit frequency components in letter fields 
(nontargets) 


Underwood 
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J 2 ; 
ioa, Vo o9 Re Bae IM 
ESTIMATES OF DITION 
Eos OF CONDI TIONAL PROBABILITIES OF CONFIRMING VERSUS 
SCONFIRMING EVENTS AS A FUNCTION OF INFERENCE 
SITUATION AND PRIOR EVIDENCE? 


PHILIP BRICKMAN? AND SCOTT M, PIERCE 
Northwestern University 

evisions of the subjec- 

Furthermore, greater 


s (judgments of an inter- 
tract situation (judgments 


rative cm effects were predicted and obtained in ri 
a cond itional probability of data given a hypothe 
ih et indicated for real-life inference situatio 

i al crisis, a group, or a person) than for an abs 


in a poker-chip problem). Imp 


of representativeness in a sample. 


In m + 
ence (eee M gus work involving Bayesian infer- 
ability Blob wards, 1968), the conditional prob- 
thesis, or P(D/I an event given a particular hypo- 
and is assume 7H, is fixed by E at the beginning 
well-known E to remain constant. However, the 
cl. Jones Oe ee of gambler's fallacy 
Outcome folle a ), whereby Ss expect a change in 
gests that tl WOE a run of similar outcomes, sug- 
will decrease probability of another similar event 
Increase, Ree as past observations of that event 
tion of OER to Bayes's theorem, accumula- 
Portional to b ence in a hypothes should be pro- 
LY Dothesic oth P(H), the prior probability of the 
Eaire a and (D/H). If weihind that P(D/H) 
Or an addi I (H) incr s, we may have evidence 
Conservation ont mechanism contributing to the 
of confi le Sm displayed by Ss in their accumulation 

The dence in a hypoth 

What hanns nt study gathers direct evidence on 
Sonn to P(D/H), subjectively, as evidence 
tes. These effects are compared in four 
inference situations: an abstract poker- 
em and three simulated real-life problems 


accum, 


| diff, 


involy; 
H vin IE M Y aus f 
lon, the Russia’s intentions in a military situs 
1 ability or ttractivene of a group, and the like 
an individual, respectively). Since 


Ous w, 
5 : Work (e.g, Mker & Hermann, 1971) has 
in «,''Strated that conservatism effects are greater 


;aQ D portant" : DA; 3 5 
Portant” real-life decision situations, we 
(D/H) estimates 


her or 


ted to regard the 
as independent or 


t- the s 
the sampled sequence 
t the events 


eing oue nent. If Ss believed tha 
pe to the po yed were correlated for reasons irrelevant 

i Cause of v. of the hypothesis in question (i.e. 
Ven more correlated error), they should then be 
1YDothesis e iotant to accumulate confidence in a 

if the PASSE a string of favorable events 
ndent, y believed that these events were In- 


d by National Science 
ed to Ellen Reser 
Becker 


Search w R 
Gran t artially supporte! y 
nt GS-28178. We are indebt 


nce i 3178. 
n coding the data and to Lawrence 


2 elp 
Dep tequeste pana yzing it 
ton itme; pe e Eniga - . 
on, MRED of preprints should be sent to Philip Brickman, 
sychol t r 
201. logy, Northwestern University, ans- 
2 


1 b ations are 
atism and primacy effects in Bayesi 


discussed for the phenomena of 
inference and also for the notion 


ian 


ere 80 Northwestern Univer- 
ho earned credit in their 
introductory psychology course for participating 
in the experiment. Ten Ss were randomly assigned 
to each of the eight combinations of situation and 
instructions, with the constraint that half of the 
Ss in each condition. were males and half were 
females. 

Each S was presente 
front of which were detailed ir 
meaning of making probability estimates, including 
an explanation and illustration of independent and 
nonindependent events. The Ss were told either to 


assume that events in the experimental task were 


independent or nonindependent. 
For the chips situation, Ss then rece 


lowing instructions: 


Method.—The Ss w 
sity undergraduates Ww 


d with a questionnaire at the 
istructions on the 


ived the fol- 


ssume that you are 
a bag, in which 


For the following questions 


observing chips being drawn from 

there is a very very large number of chips. Each 

chip drawn may either be blue or white. lf, in 
will call the “blue bag," 


fact, the bag is what we 
assume that 70% of the 
blue. If, in fact, the bag 
“white bag," assume that 70 


chips in the bag will be 
is what we will call the 
Ch of the chips will 


be white. 

other conditions were identi- 
yotheses and events were 
For the military 


Instructions for the 
cal, except that other hyt 


substituted for the color of chips 
situation, the two possible hypotheses were that 
i o to war or that Russia 


preparing to g E 
for peace; the two possible kinds of 


a warlike move (mobilization 
of military forces in a given part of the world) or a 
nove (demobilization of military forces). 
For the group situation, the two possible hypotheses 
were that the group was one S liked or that the group 
was one the 5 dis iked; the two possible events were 
observing that a ticular member of that group 
was attractive (described by a positive adjective) 
or unattractive (described by a negative adjective). 


For the individual situation, the two possible 
hypotheses were S 


that the individual was one 
liked or one S disliked; the two possible even were 
rving that a given trait of that individual was 
tive or negative. 


Russia w 
was preparing 
events were either 


peaceful r 


& 
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In each condition, Ss were first asked to assume 
that one hypothesis was true and to predict the prob- 
ability of observing a Particular eve 
trial. The Ss were asked to asses 


1, or 2 prior con- 
each of five possible con- 

i nce in an eight-item situa- 
i or 8 prior confirming events), 
to make these same pre- 
hree poss 


tion (either 0, 2, 4, 6, 
The Ss were then asked 


le combi- 


r-events and eight. 


milar, only those for 
the eight-prior-events situation will be reported 


Independence versus nonindepend- 
ence instructions had no effects; thus, the data in 
Table 1 are Presented collapsed across instruction 


ersus disconfirming observa- 
this interaction was highly significant with 
an F(4, 288) = 76.43, p< -001. The Probability 
for a subsequent confirming event was elevated 
when few confirming events had occurred Previously 
and depressed when many confirming events had 


The probability for a subse- 
quent disconfirming event was dej 


previously, 
There was 


t triple interaction 
or confirming events, 
subsequent event, F(12, 288) = 5.76, 

i ency effect was stronger 
simulation situations than in 
lation. Simple-effects analy: 
ant overall tre; 


ses 
nd in all cases 


TABLE 1 
Conottionat, PROSARBILITY 
DISCONFIRMING 


MING AND 
CTION 


OF SITUATION AND Prior 
Prior confirming events 
Situation/ sab 
event — * vis 
ME | 28: d | 8/8 
Ch; ^ emp MS pel owe 
€ nfirming 17.6 72.5 7 70.7 
onfirming d x ^S | 707 | 62.7 
Disconfirming | 119 s| x i 
itas; z 323 | 33i | 386 38.9 
onfirming So | msg 5 59.6 
Disconfirming | 21 * 02 | os! "rh 
Grou ?ne DA | Sag | 4i 
"onfirming Ter S I] us A s 39, 
Disconfirming | 188 | 76. 60 | 33 | 39.2 
Individual .6 36.0 39,8 59,1 
-onfirming 84.2 73.2 7. 7 
Piscontirming | op | 132 ae So | s 
" ic m | | 
— —Á— 
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except for disconfirming events in the 
ituation. S 
is all conditions including this poker-chip case. — ; 
Discussion.—Given their instructions, in which 
they 
logically have simply restated that P(D/H) hes 
each time such an estimate was "emi. 
quested. Yet they did not; instead, as pied ca 
‘Ss varied their estimates asa function both oi . 
inference situation and the nature of prior pe 
In circumstances which have previously been fun 
to yield most conservatism, Ss were most lie Y od 
underestimate the conditional probability Fs 
another confirming event as the amount of prio 
confirmin, evidence increased. : P 
Why did Ss behave like this? Were they oe 
fused? Simply because E asked them to e 
P(D/H), Ss may have felt that E expected them i 
Vary their answers from the given value. Hove 
since Ss are generally not likely to go along with a 
experimental demand at the cost of making E 
selves look bad or incompetent (Weber & Con 
1972), it would seem that they must still have fe 
that they were doing the right thing. m 
The present data seem to indicate that TM 
Perception of the basic parameters of a Bayer 
model does take place, although this does not fe 
course rule out the fact that misaggregation om 
parameters may also occur (Edwards, 1968). Pi 
present results may also contribute to the exp ara 
tion of why conservatism is typically found to or 
least on the first trial: on that trial, with no pria 
events, P(D/H) should be least likely to devia i 
from its initial optimal value. Ina more indirec 
fashion, this study may also help to explain the 
inertia effect or the primacy effect in probabit a 
inference. Geller and Pitz (1968) discovered tha, 
Ss were likely to reduce their confidence in a hy- 
pothesis when a disconfirming event unexpectedly 
occurred, but not to re 
to display the 
dicted 
follows 


poker-chip 


y had pre- 
the observed disconfirming event, dt 
ndency to predict 
as initial evidence accumu- 
hypothesis could serve as if 
Managed to discount suc! 
disconfirming events when they occurred. the 

In general, the reasoning and the trend of the 
results of this experiment seem compatible with hat 
argument by Kahneman and Tversky (1971) t to 
Ss distort their Probability estimates in ordas 
make samples be as “representative as Po E 
of their Population. The population propa EIS 
was always given as 7075. To make the HL. 
representative, Ss should overpredict a a 
event when fewer than 70% confirming events van 
been observed, and underpredict a confirming s 
when more than 70% confirming events have But 
observed, In general, this is what they do. cem 
contrary to strict representativeness, they pe- 
most likely to assign a 70% Probability to a su has 
quent confirming event when prior evidente d 
split 50-50 (in the 4/8 case), rather than when I 


were actually told a P(D/H) value, Ss should - 


A test for linear trend was significant: 


x 
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ae been 7355 confirming events (in the 
abere uiri of an effect for independence 
E Sion e ee is puzzling, 
Hon is P(D/H 3 taken as conclusive. The varia- 
c wis ) suggest that .Ss in general treated 
Since s Mage. ep; regardless of instructions. 
A olv mcs tar inference situations 
i o Sirla y ae events, it should not be 
Bandon a to ind that people were unable to 
Me leo: la a EE even when instructed to 
their ridi this bias may contribute toward 
Iun does d d IAM events as less diagnostic 
Seite bam idea operator, who considers the 
conditionally independent. 
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VISUAL RECOGNITION OF SIMILARITY AND IDENTITY? 


PE 


ER L. DERKS? 


College of William and Mary 


Two groups of six Ss compared pairs of line patterns for a match between 
any pair of lines in the two patterns (similarity) or for a match between all 


pairs of lines (identity). The simil 


match, and the difference in latency incre: 


patteri 
proce: 
and extended. 


Sekular and Abrams (1968) compared decision 
latencies between Ss who judged 4 X 4 matrices 
for similarity (any cells blackened in common) or 
identity (all cells blackened in common). One, two, 
in four cells were blackened in each matrix. The 
fatency for similarity judgments increased with an 
Increase in the number of blackened cells, while 
identity response time remained fairly constant over 
the range tested. This performance indicated that 
similarity judgments were made by sampling one 
element at a time (serial processing), while identity 
judgments could be based on groups of elements 
(parallel processing). The present study extended 
this phenomenon to more letter-like stimuli, ex- 
cluding actual letters, and increased the number of 
elements in the stimulus pairs. 

Method.—The lines that composed the arrays 
Were presented on two adjacent panels (Alpha- 
Numeric Electroluminescent) from Massey-Dickin- 
son. Each panel contained 14 lines (.47 cm. wide 
and from 2.19 cm. to 3.13 cm. long) plus a dot (.63 
cm. in diameter) in the lower right-hand corner. 
These 15 elements could be independently illumi- 


nce in the data 


1 Thanks to Chris Cheney for her a 
Analysis and Lynn S, Schulz for her suggestions. 

t Requests for reprints should be sent to Peter L, De s 
Department of Psychology, College of William and Mary, 
Williamsburg, nia 23185. 


increased. Thus, R. W. Sekular and M. ? ) ; 
ng for similarity and unitary processing for identity was replicated 


larity match took longer than the identity 


ased as the number of lines in the 
Abrams' 1968 report of serial 


nated and were arranged in a configuration that 
could produce alpha-numeric arrays. The brightness 
of the elements was adjusted for each S so that the 
light blue of the illuminated elements was judged 
to "stand out clearly" against the dark background 
of the panel and the unlit elements. Positions of 
the unlit elements were also faintly visible. The 
S's eyes were typically about 60 cm. from the 


panels. 
The two patterns were displayed simultaneously 


and always contained an equal number of elements. 
The number of elements in a single pattern on any 
experimental trial varied from one to seven. The 
number of elements that matched between any two 
patterns was varied from none to all elements the 
same. For larger numbers of elements, alternate 
numbers of matching elements were tested between 
alland none. For example, for seven elements, zero, 
two, four, six, or seven elements were matched. 
Figure 1 gives examples of pairs of stimuli with 
six elements to illustrate S’s task. The relevant 
conditions to test for sequential and parallel process- 
ing are the “NO” responses for similarity (upper 
right in Fig. 1) and the “yrs” responses for identity 
(lower left in Fig. 1). In both cases, all elements 
must be examined before an accurate decision can be 
Examples in which a single element leads 


made. 


Fic. 1. ‘amples of possible 
tion. (For similarity (SIM) the yz 
in the lower-right corner of the two patterns, 
pair illustrating the similar condition, the 
YES occurs when all six elements match between 
lower-right ver ical line in the first pattern of th 
and replaced by an upper-central vertical line.) 


response 


to similar-ves and identity-No decisions are 
included in Fig. 1 

Two groups of six Ss were 
the similarity or identity of pairs of patterns, 
They received feedback on all trials and were 
instructed to be accurate and fast, in that order. 
The Similarity group was instructed to respond 
YES when the pair of patterns had any elements in 
common and No if none of the elements matched. 
The Identity group was told to Say YES if all the 
elements in a pair matched and xo if any elements 
differed. The duration between s" activation of 
the patterns and the onset of the verbal response, 
which activated a throat microphone, was measured 
in milliseconds by a Hunter Klockounter. Acti- 
vating the throat microphone also terminated the 

isplay. 

Each S received four sessions at least 1 d, 
that. included three relevant tests 
of elements, Nineteen stimuli 
Opposite response balanced the 
tations in €ach session, 
not included in 
stimulus pair elici 


also 


paid to judge either 


ay apart 
at each number 
that required the 
21 relevant presen- 
Incorrect responses were 
the latency analysis. When a 
ted an error, the condition repre- 
sented by that Pair was ret ed later in the session 
with another randomly selected pattern, 

There is evidence that vs and NO responses have 
different latencies, @ result that would cause diffi- 
culty in comparing the relevant conditions (Bindra, 
Donderi, & Nishisato, 1968). Jy the present 
experiment, however, when Ss Were given pre- 
liminary training with the individual elements, 
receiving a randomization of 15 Presentations with 


s of patterns 


Since no elements match in the other si 
appropriate 
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and the correct responses for each condi, 
is determined by the matching vert 


sponse is xo. For identity N), 
airs but the No results because the 


tern 
square is missing from the second pattern 


cach element paired once for yrs and 15 presenta- 
tions with each element presented once on each 
panel and not paired for No, the average reaction 
time for YES was .544 sec, and for No was .524 sec. 
The differences between the latencies is small and 
not significant. There was also no evidence that 
any element or pair of elements was exceptionally 
difficult to discriminate or compa The Ss were 
matched and assigned to the d ‘rent: judgment 
conditions on the basis of their performance on the 
single-element ta 

Results and discussion. — igure 2 shows the 
average reaction time (RT) for the judgment 
conditions and the patterns of the present experi- 
ment. There are 18 conditions that have the same 
number of elements and matching elements for the 
Sekular and Abrams’ (1968) experiment and he 
Present one. The RTs for these conditions in the 
Present experiment were all within the range of the 
RTs for their various replications of the same 


Ew 3 : m- 
conditions. Thus, the agreement between a 
parable conditions in the two experiments was 
quite good. 


Similarity judgments with no elements meren 
took longer than identity judgments with 2. 
elements on equivalent patterns of elements, 
F (1,19) = 60.61, p < .001. As the number d 
elements increased, the differences between laine 
for the two groups increased, F (6,60) — 24 al 
b «.001. This interaction indicates that the kins 
of judgment influenced the rate of element LUN 
ing. The increase as a function of number. 
relevant. elements Was also significant, F (6, 


y, 
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= 20.24, —— E , 
in o e pee os ym € she: ingress 
allowance caleulated to a "E S Mif Te Sebel 
s for various MR E perunt 
66 xis. for B 03 E Ae ani elements 
A a aE (ee p= Ol 
judgments over tl kn tren inlaten e p 
was .216 so a "s inge from one to seven elements 
Dudenent i Lie linear function for the similar 
(B secu; ies fit by least squares was: RT 
elements). si. - Seg .346 N (number of 
CAURGd a sin poe sag i additional element 
Similarity si ea p be RT for similarity- 
response times and i ber i " e EAM, ney) 
of elements d c in icated sequential processing 
and for fua: : he search for identity was faster 
apparently pi a: and sev n elements in the patterns, 
Bb nates y accom! shed in parallel since there was 
AM zase in R with an increased number of 
elements, Nevertheless, the .054 sec. per element 
ees in identity judgments for from one to five 
ee is within the range of consistent sequential 
ects reported in other visual comparison studies 
ne example, Posner & Mitchell, 1967). č 
[oed mid judgments, the sequential search 
Sekular ra E is further supported here and in the 
peu Abrams (1968) study by decreased 
ene se function of an increase in matching 
eee s. The more matching elements there were 
Poeno "e of patterns, the sooner S found one and 
RUN ie ] W hen all. elements matched, i.e., 
FAA ipa stimuli only judged for similarity, the 
ipee pi had about the same latency as the YES 
ntity judgments. 
Sod identity judgments, a single nonmatching 
by SE increased the No RT relative to the YES RI 
elaine bubithe same amount asa single nonmatching 
ine n slowed YES similarity judgments for the 
lernen poem types Additional nonmatching 
JP ene! however, did make No identity responses 
Th as or even slightly faster than YES. 
I ee between similarity and identity RTs 
ns Marsa that were identical or differed by only 
ing Ede supports the concept of a dual proces 
Ei gested ti proposed. by Bamber (1969). He has 
E op a that there is a fast identity reporter and a 
be facis A processor. The identity processor may 
BE Sce ase e en the stimulus as a whole while the serial 
the ssor subsequently xamines the elements of 
e A imulus. The present data suggest that the 
eae processor's response to single elements in 
aa ely complex arrays requires about the same 
le as the response to the ide 


ntity of the arrays 


S wholes. Thus, these results also suggest that 
5 do not “adopt distinctive modes of pattern 
238]." 


Tesopnition [Sekular & Abrams, 1968, p. 
pecan de may process the patterns in the same 
Ma m of instructions, beginning with the 
letermination of whole pattern identity and con- 
tinuing with element-by-element analy Instruc- 
RO simply determine which phase of the process 
Ss use for the response. 

Whatever the nature of processing, the difference 
between identity and similarity judgments was not 
a function of an adjusted error criterion. For 
identity responses, with perfect matching and YES 
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Fic. 2. Reaction time (RT) for Similarity and Identity as a 

d number of matching 


function of total elements per pattern an 
elements. 


as the relevant condition, the miss rate was 5.4%. 
For similarity responses, with no matching elements 
and No as the relevant condition, the false-alarm 

%, slightly higher and not significantly 


rate was 0.47 

different. Variability in the number of nonmatching 

elements probably caused the higher false-alarm 
her miss rate for 


rate for identity, 14.1%, and a hig 
similarity, 10.2%. Most of these error: 
patterns with several elements in the pattern and 
only one pair of elements determining nonidentity 
or similarity. Although this single element determi- 
nation occurred more frequently in the identity 
condition, the error rate for identity was lower, 
though not significantly, and the RT was faster. 
Identity judgments could be accomplished with 
something like a "single look" at the whole stimu- 
lus, while similarity judgments required further 


“looking back and forth” to analyze the stimulus 


into elements. 


s occurred in 
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TRANSFER FROM FREE-RECALL TO PAIRED-ASSOCIATE LEA RNING 


- 
A. KEITH BARTON ! Axp ROBERT K. YOUNG 


University of Texas, Austin 


Each of 60 Ss first learned a free-recall list composed of four categories of six | 
items each and then learned a paired-associate (PA) list. The Ss in the Experi- : 
i i aken from the frce-recall 
list while Ss of the Control groups learned two unrelated lists. The SC 
(Same Category) group learned a PA list such that both members of each 
The DC (Different Category) group 
learned a PA list such that both members of each pair belonged to two different 
Categories. Negative transfer was found with greater negative transfer occur- 
ring in the DC group than for the SC group. 


discussed. 


Postman (1971) recently found that under a 
variety of conditions negative transfer occurs from 


Alternate explanations were 


i 1 ials were given 
Five alternating study and test trials were giv 


during free recall, A 3-sec. rate of presentation hes £z 
Íree-recall to paired-associate (PA) learning. The used on study trials and a 30-sec. recall interval b 
negative transfer Observed here was consistent with used during test trials. A 6-sec. intertrial inte 
Postman's Position that associative interference (ITI) was used. 


should occur if second-list (PA) lea 
disruption of first-list subjective gri 
establishment of new associations, 
The present article represents 
Postman’s (1971) research on transfer from free- 
recall to PA learning. In this study the arrange- 
ment of the PA Pairs was manipulated such that 
the subjective groupings formed in free recall were 
either compatible or incompatible with subsequent 
PA learning. This was done by having S learn by 
free recall a list composed of several categories of 
Subsequently, 5 learned a list in which 

each pair was Composed of items either taken from 
the same category or taken from two different 
categories, is common 
ucted from 
th members 
pings while S-R 


rning requires 
oupings and the 


àn extension of 


subjective grouping. 

Method.—Each of 60 Ss learned a free-recall list 
composed of four categories of i 
five trials and then learned 
Pairs for eight trials, For the Experimental (E) 
groups the two lists were 
items and for the control (C) g 
composed of completely different items, 
list was constructed so th. 


The PA 
at both members of each 
e category (SC group) or 
Tent categories (DC group). 
as further divided on the basis of 
or random (SCR) presentation 
pairs during 
sic design is à 2 X 2 factorial 
iable, blocked versus random 
Presentation, nested within the category variable 
(n = 10 per cell), 

ei Er 

! Reques Dri " 

Rug en PSOE S A; Ke Baran 


The responses were written aa 
five-page booklets with one page being used p 
trial. Three orders of presentation were used 
reduce the possibility of serial learning. ae 
A PA list of 12 Pairs was formed from the rod 
recall lists learned by Group E such that both b 
and E groups transferred to a common PA liag 
Two such lists were formed—one for the DC grok 
and one for the SCB and SCR groups. The F d 
lists were presented for eight alternating study kpe 
test trials. Order of presentation of the stimulus 
terms on the test trials was random and the same 
for the DC, SCB, and SCR groups with the differ- 
ences between the groups being apparent only on 
the study trials, Presentation rate was 3 sec. for 
both study and test trials with an ITI of 6 sec. 
On test trials, as the stimulus appeared, Ss were 


instructed to write the appropriate response in an 
cight-page booklet. Three 


were also used during PA learning. 


The verbal in the present 


re taken from Battig and Montague 
(1969), > Seven most frequent responses 
Were taken from each of eight categories. item 
from four of the categories were used in the fre 
recall list of the Control conditions and the hor 
from the remaining four categories were used in th 
free-recall list of the Experimental conditions an 
in the PA lists, In the PA lists of the SC groups 
both members of a pair were exemplars of the pets 
category, €.g., ORANGE PEAR, LAMP-COUCH, ENGUA Si 
GERMANY, etc. In the PA lists of the DC pori 
the members of each pair belonged to emi 
categories, C-B., LION-CHERRY, BANANA-ITALY, ee ae 
HORSE. The pairs were arranged such that E E: 
words from each of the four categories serve ae 
stimuli and the remaining three words per categ 
Served as responses, gel 

All words vani presented by a Kodak 650 pu 
slide projector with attached timer. pu eee 
Tun in groups of five and were naive to 
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TABLE 1 
Correct RE: GIVEN 
DURING PAL ai 
Group 
terion | Cond. DC SCR SCB 
M | sD 
Trial 1 E 2.0| 1.73 
Cc 5.80] 2.74 
All trials E | 58.80 | 19,32 
C | 77:80 | 10:80 
Note, bb E 
bt experimental, C = control, 


DE = diferent 5s 
iffere 
erent SCR = same category random, SCB 


me category blocked. 


léarnine experiments m 
the e n No Ss were dropped from 
p un and. discussion.—Number of correct re- 
dim es given during free recall was analyzed and no 
5 DM differences were observed. In addition, 
& AU ratig of repetition score (Bower, Lesgold, 
ninm 902) was analyzed to assess clustering 
in bes s > There was considerable clustering 
MRR d de Experimental and Control lists with 
xe Be dw of .79 and .82, respectively, but again 
h Significant differences were found. Thus the 
ypothesis of equivalent groups cannot be rejected. 
quate mean numbers of correct responses given 
a ng F A learning are presented in Table 1. In 
Pies of these data, negative transfer was 
a with F (1, 54) = 9.49, p < .01. The absence 
b a significant interaction, F (4, 54) = 1.46, 
wy suggests that the amount of negative 
DOi observed in the SC and DC groups is 
Ken wee, the same. However, a Newman- 
Bí the Do found significant. negative transfer only 
also found groups. A significant trials effect was 
Er cum d with F (7, 378) = 91.70, p< -001. In 
Significa, e E versus C X Trials interaction was 
that th n with F (7, 378) = 3.31, p « .01, such 
trials. Pd of negative transfer decreased over 
m i Ositive transfer was never found on any 
ceiling Se significant interaction suggests that a 
iei Len ect was operating. No other Fs were 
ES icant in the analysis. 

Tid correct during the first PA trial Ww: 
Again ed. These data are also presented in Table ule 
216 Sane transfer was obtained with F (1, 54) 
Groups, b < .001. In addition, groups and the 
With Fs 7 C versus E interaction were significant 
The so 54) = 4.56 and 3.20, respectively, p <.05. 
Ee tern icance of the interaction suggests that 
in PA s is i negative transfer occurred early 
groups de in the DC groups than in the 5C 
Significa. gain, the Newman-Keuls test found 
nt negative transfer only in the DC groups. 


as also 
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Negative transfer was found in the DC grours, 
replicating Postman (1971), with smaller and in- 
significant amounts of transfer being found in the 
SC groups. This latter finding provides marginal 
support for a suggestion by Postman that negative 
iansfer would be found in the SC groups. No 
positive transfer was found in the SC groups as 
might be expected from the learning of S-R pairs 
constructed from items belonging to the same 
subjective grouping. One reason, as suggested by 
Postman, for finding evidence only for negative 
transfer in the SC groups is that during free recall 
S has alternate pathways or associations (within a 
category) while during PÀ learning S must learn 
to use one association exclusive of all others. That 
tive transfer was not found in the SC groups 
because a stimulus could identify the category of 
the response but not the response itself. From the 
previous free recall the five other items of the 
category would be readily available, with the task 
of S being to learn which of the five was the ap- 
propriate response. Under such conditions facili- 
tation would be expected in the SC groups only 
when two-member category lists were learned so 
that in PA learning use of one member of the cate- 
gory as the stimulus would uniquely identify the 
appropriate response. Even here it is doubtful if 
positive transfer would be obtained. The reason for. 
this is that the interitem associations (cf. Deese, 
1959) which exist between members of a category 
would facilitate the learning of the control group 
list so much that it would be difficult for the experi- 
mental group to learn it any faster. 
sistent although insignificant 


is, po: 


amounts of 


Cor 
negative transfer were found in the PA learning 
that interference did 


of the SC groups suggesting 
occur. In addition the data also support the con- 
clusion that greater amounts of negative transfer 
occurred in the DC than in the SC groups. The 
reason for this may be due to factors already dis- 
cussed : Selection of the appropriate response in the 
SC groups requires that the strength of an already 
existing interitem association. be increased suffi- 
ciently to be discriminable from competing inter- 
item associations. Selection of an appropriate 
response in the DC groups, on the other hand, 
would require establishment of an entirely new 


association. 
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STIMULUS RECOGNITION AND ASSOCIATIVE CODING 


WILLARD N. RUNQUIST! axp ANNABEL EVANS 


rsity of Alberta 


The Ss learned CCC-noun pairs by the study-test method, where test trials 
demanded .S select the relevant stimuli from a list and recall the response, 
For three groups the initial letter of the response term was contained in its 
trigram. Two of these groups were told about this relation w; 
having all code letters in the same position, while in the secor 
position varied from item to item. The third group had 
but were not told about the compatible code. A fourth group learned a list 
in which the items within a pair were unrelated. Recognition performance was 
superior in the consistent Position-instructed group, but did not differ among 
the others. Recall given recognition was equivalent for the structed groups, 
and better than that in the noninstructed groups. The noninstructed group 
with compatible response terms did recall better than the unrelated group. 


ith one group 
nd group their 
a consistent position 


"The purpose of this experiment was to investigate 
the relationship between stimulus recognition and 
various learning conditions which were de: 
affect both stimulus encoding and 
ing in a paired- ciate task, 
involved using pairs in which the initial le 
response word was contained in its trig 
By informing Ss that this re] 
possible to manipulate. th 


and Cl were told in addition that it was possible 
to relate the stimulus and response terms by identical 
signed to letters and were shown an example pair. 
associative learn- On study trials, Ss were presented each pair for 
T conditions 2 sec, For test trials, they were given a sheet 
tter of each containing 18 CCC trigrams cach followed by a 
ram stimulus. — blank Space. They were asked to circle each 
ation exists, it should be stimulus term from the list and write the appropriate 
a € stability of stimulus Tesponse term next to it. All six stimuli appeared 
codes by Varying the consistency with which this on these sheets on cach test trial along with 12 new 
code letter" appears in the same position in the “distractor” items. The nature of the distractors 
various stimuli, was not systematically manipulated, but was the 
The xperiment should bear “pon two theoretical same for all groups. Because 18 of the 20 possible 
Problems discussed by Martin (1968): the effect of consonants (excluding Y) were used in constructing 


variability of stimulus codes Upon recognition stimuli, all distractors contained letters common to 
performance, and the independe 5 


rm c encence of coding ang the stimuli, Siy of the items on cach trial had no 
associative Processes in learning. more than 1 consonant from any one trigram, and 
Method.—Each § Was given eight study-test trials always in differe 


On à six-item paired-; 


Bst NE nt positions, A few items contained 
soctate list in wi lich the the 2 consonants i is T i s on 
E 5 4 T 2 sonants not in the list, Three items o 
Stimulus terms were CCC trigrams with no letters cach trial contained the code letter from three of the 


duplicated and the response terms were one-syllable — items in the CC group. In addition three more 
common nouns, Four groups of 20 Ss from an items contained one first-, one second- and one 
introductory Psychology course were run, Assign- third-position code letter from the CI rroups The 
ment to three of the groups, code consistent (SG); remaining consonants were all hoe different 


code diconssteng (CI), and neutral (N) was done positions and different items, Order of appearance 
according to a Prearranged scheme of Dlocks conta Was random and v; 


ae arie ri: ia vas 
ing each condition 1n a random order, The fourth the same for all A n * WERT 
group, code consistent-not instructed (CC-N), was orders were used on study trials. "Unlimited time 
Pin after the completion of the remaining three was allowed for S to complete the test trial. 
Broups. Each group learned a list composed of the "rior to learning the test list, each S was given 
EF Pog oe oe ond C S the first one study trial on two pairs. (Tow-FriEs, Bait: 
middle lettes im E ur. the cn as the  CLmBs) followed by a recognition recall test or 
FUP a - For arang CI, the first seven names. ad 
letter of the CCC Tor vor pete pees eit Results —A plot of the tri U-by-trial data E. 
middle letter for two Pairs, aad the s ie an tli = thoatetically cep resting trial Pd tage 
third letter for two pairs, Ror Grou rai zd fi Hi sree det tage of correct a te Wet 
letter in the response term did 5s rh. ond of correct recalls, and Percentage of recall gi 
any letter in its paired sinus ‘Ge dditia s correct recognition are shown in Table 1, in 
list differences, the groups were al j pox s m Recognition performance appears to be superio 
by istra Ut pere also differentiated for the CC ¢ "Lie: Giher m s. however 
y in tructions, Groups N and CC-N were given r the group. The other groups, h : 
standard paireq.; 'Ociate instructions. Groups CC differed little from one another, Analysis of d 
pe Reütests for reprints should be sent to W. nv Rimquia, Produced a Significant F (3, 76) AM. 2 Fs 
Alberta Caf Psychology, Univeristy. ur Alberta T inate, and Duncan's multiple-range test verified the abo 
pattern. 


N 
= 
pu! 
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TABLE 1 
:; or CORRECT RECOGNITIONS, CORRECT 
AND RECALL GIVEN RECOGNITION 
Recognition Recall 


| Recall — | Recognition 
— -f 
| 


» Cc iced also differed for the various groups, 
E = m 21, p <.01, The multiple-range test 

ealed that Group CC performed better than all 
other groups, while Group N performed more 
poorly. Groups CI and CC-N did not differ on this 
measure. 

When recall was conditionalized upon recognition, 
a somewhat different pattern emerged. The differ- 
ences among groups were also reliable, F (3, 76) 

23.52, p €.01, and the multiple-range test 
ndicated that Groups CC and CI exhibited superior 
performance to Group CC-N and to Group N, while 
the latter group recalled fewer recognized items than 
any other group. 

Also of some interest are the recognition errors 
(fal alarms), a summary of which is presented in 
Table 2. Analysis of va iance of mean total errors 
(column 1) showed that the frequency of false 
recognitions dillered among the groups, F (3, 76) 
= 7.75, p < .01. The multiple-range test revealed 
that Group CI made more errors than all other 
groups which did not differ from one another. 

The classification of errors in Table 2 was made in 
two ways. Columns 2, 3, and 4 indicate the nature 
of the false recognitio Column 2 shows the 

rrors which contain the 


frequency. of recognition c 
first letter of one of the response ternis, even though 
at letter is in a different position in the trigram. 
Column 3 presents the frequency of errors in which 
other letters from the stimulus appear in the same 
position, and the fourth column indicates the 
frequency of false recognitions in which all letters 
are in a different position or not in the list at all. 
The results show that despite invariance in the 
number of errors for Groups , CC-N, and N, 
there are differences in the kinds of errors made. 
Almost all of the errors in Group CC are those 
containing the code letter, while the frequency 9 
unrelated" errors is higher in CC-N and N. The 
differentially high false-alarm rate in Group Cl is 
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exclusively a result of an increase in code letter 
errors. 

The remaining columns deal with errors which 
were accompanied by an attempted recall. The total 
number of these errors is given in column 5. Appro- 
priate responses (column 6) are those which are 
related to the code letter. That is, they represent 
the frequency of times S falsely recognized an item 
containing the first letter of a response and gave that 
Inappropriate errors (column 7) rep- 
e recognitions accompanied byan 
attempted recall. Again despite lack of differences 
in total misrecognitions, the pattern differs. Group 
CC invariably attempted recall and gave an appro- 
priate response. Groups CC-N and N had a large 
proportion of om sions, although the percentage in 
this category was much higher in Group N. The 
large number of code errors in Group CI was 
accompanied by a large number of appropriate 
responses. : 

Discussion.— he most interesting comparison in 
this experiment involves Group CC and Group Cl. 
Group CC in which the response terms were con- 
stently related to a single letter position in each 
stimulus produced both better stimulus recognition 
andoverall recall than Group Cl in which the response 
terms were related to different letter positions in 
each stimulus. When recall is conditional upon 
recognition, however, the two groups did not differ. 

If the development of a stable nulus encoding is 
ry for recognition, one might interpret the 
facilitation of recognition in the CC group às 
resulting from greater encoding stability with the 
parenthetical note that it is the associative code 
which provides this stability. Given that stable 
recognition 1s established, however, the formal 
relation between stimulus and response terms 
facilitates recall equally. Thus, in a somewhat 
indirect fashion, these findings are consistent with 
the proposition that coding of the stimuli (as indexed 
by stimulus recognition) and the associative process 
are essentially independent. 

Further considerations, however, sugg 
conclusion be held with some reservation. It could 
easily be argued that -essful performance in the 
recognition task in this experiment placed demands 
on S which are not necessary for successful associa- 
tive recall. In both CC and CI conditions, a single 
letter is logically sufficient as à recall cue. Thus, 
Ss who utilize this as a functional stimulus could 
mediate recall successfully and yet fail to know 


whether the remaining two letters were indeed in 


respons 
resent all other fals 


nece: 


est that this 


TABLE 2 


FREQUENCY OF RECOGNITION ERRORS 
-— xis - — 
(5) (6) (e (8) 
Group (1) (2) (3) (4) ; " Z 
Total Code Other Unrelated | With error Appropriate ^ Onlan 
j * related | With error | Ar ate 
-——sr — — | 3 a 19 nu | 4 pA 
ce E 39 0 | 1 3 | 37 ki 
CC-N 56 29 8 19 2 22 4 
D 107 96 3 18 | 7 


the list. c 
the right thing” by considering only the recall of 
items they recognize completely. A more fair base 


Thus, we may be penalizing Ss for “doing 


line for CC and CI Ss might be achiev 
those items which $ falsely accepts but which contain 
the code letter. Table 2 shows that there were 39 
such items in the CC group, 37 of which were 
an appropriate response, while in 
the CI group, 96 recognition errors were accompanied 
Considering these 
uli, the conditional 
probabilities are .973 for CC and .864 for the CI 
the result is the same whether 
items in which the code letter 
Position, or whether it was in 


ed by including 


was in the correct 
some other position. 
Just why this resul 


It should obtain is not entirely 
clear. Both CC and 


CI Ss were instructed concern- 
ing letter-response relations. Thus, if S selected a 
letter based on the response, then recognized the 
letter, even though it was combined with inappro- 
priate other letters, he certainly should be able to 
generate the response. Furthermore, there is little 
reason to expect intralist code position variability 
to affect the availability of responses (in the response 
learning sense). It may very well be the case that 
the variability in the Position of a potential code 
letter hindered the associative 

manner by leading Ss to ap, 
favor of some other letter or attribute w 
less effective as i 

Ss should b 3 


arge number of false 
containing a code letter 


4 
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The findings with respect to Group CC-N may 
also be commented on briefly. The recognition 
performance of this group was quantitatively similar 
to Group N, indicating that the instructions are 
necessary if the formal relation between S and R isto 
facilitate stimulus recognition. Given recognition, 
however, some facilitation in association is clearly 
apparent, with this Probably depending upon 
whether Ss did in fact discover the code-response 
relation. The recognition error data clearly indicate 
this to be the case, as 22 of the 29 recognition errors 
containing the code letter were accompanied by 
appropriate responses. These results also indicate 
that while both the number of correct recognitions 
and false recognitions did not differ greatly between 
Groups CC-N and N, the actual recognition behavior 
differed considerably. When Group N made a 
recognition error, it was often based on a common 
letter. These letters infrequently mediated an 
appropriate recall, or any recall at all. On the other 
hand, many of the false recognitions in Group CC-N 
were appropriate recalls, 

Perhaps the best lesson to be obtained from this 
experiment is methodological. Certainly one can 
gain a great deal of control over letter-selection 
coding with these operations, } lowever, recognition- 
recall tests should probably be used with some 
caution, for the demands of the recognition test 
may sometimes prove to be irrelevant to recall, at 
least in the ordinary Paired-associate task. Cued 


recall outside the laboratory is probably another 
matter, 
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EFFECTS OF DURATION OF MASKING STIMULUS AND DARK 
INTERVAL ON THE DETECTION OF A TEST DISK # 


JOHN HOGBEN ? AND VINCENT Di LOLLO 


University of Western Australia 


Detection thresholds for a test disk of lig 


studied in one of four temporal relationships with 
(a) simultaneous onset of test 


duration. The conditions were: 


(b) simultaneous offset of test and mask, 
f test coincident wit 
ally varied. The four conditions were 


onset of mask, (d) onset ol 


case, duration of mask was systematic: 
ated with the mask substituted by 
of light for a variable 
duration of the mask and was n 
k onset were simultaneous or 

onset of test and mask. A dark interval within the 
ised the detection thri 
view that masking 


replic: 
an adapting field 
increments in the 
where test and mas! 
ceded the simultaneous 
adapting field always 
results are consonant with the 
al system. 


the v 


Visual masking of a test disk by a flash 
of light is obtained when the test stimulus 
is followed by the masking stimulus at an 
interval no greater than 50-100 msec. 
(Crawford, 1947). As the test stimulus is 
moved forward in time closer to the onset 
Of the mask, its detection threshold rises 
Steeply, reaching a peak at a point where 
the test stimulus onset coincides with, or 
Slightly follows the onset of the ws 

sti 


"Thereafter, as long as the mask is 
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ht presented tachistoscopically were 
a masking flash of variable 
and mask, 
(c) offset of test coincident with the 
h the offset of mask. In each 


a dark interval which interrupted 
period. Masking increased with 
most severe under conditions 
where a dark interval pre- 


old of the test disk. The 
is due to "on-responses" in 


threshold diminishes to some 
stable value. It is frequently found to 
rise again when test stimulus onset just 
precedes or coincides with the offset of the 
mask, and then falls rapidly following the 
offset of the masking stimulus. This series 
of changes, referred to in the present paper 
as the “Crawford masking function," de- 
scribes the type of masking situation 
known as “masking by light" (Kahneman, 
1968) where little or no interaction occurs 
between the contours of the test stimulus 
and those of the mask. 

Although increments in detection thresh- 
old have typically been obtained by pre- 
senting a flash of light in close temporal 
contiguity with the test stimulus, threshold 
increments have also been reported when 
test stimulus was presented during an 
an otherwise steady light- 
Hogben (1971) found that 


present, 


the S 
interruption of 
adapting field. 
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detection threshold increased as a function 
of the dark interval, ir- 
respective of whether the test sitmulus 
occurred at the beginning or the end of the 
k interval. Ikeda and Boynton (1965) 
reported a similar result with a dimming 
of the adapting field rather than total 
extinction. Acuity Performance js also 
affected by a brief dark interval: Kahne- 


rupted for the duration of presentation of 
and Doherty 
(1971) obtained results consistent with the 
Crawford masking function in 
a letter-identification task where the test 
stimulus was Presented just before an 
interruption of the ad 
basis of their 
Doherty proposed a theoretical distinction 
between masking by light 
darkness, 
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masking effects of a brief light flash, The 

| first Portion of the experiment ex 

| four tempora] relationships 

test disk and a | masking 

ash presented on 4 dark-adapting field. 
n each case, the duration of the mask 

ied. The four condi- 

tions were replicated in the Second portion 

of the experiment With the €xception that 

the light and the dark Cycles of the Masking 

eld were reversed, 

The Second portion of the ex 
notably related to 
and Kandel (1957 
ment in the amount of maskin 
Onset of a masking Stimulus When the 
luminance of a preceding adapting field 


terms, their 


between a 


periment is 


le present experiment aPproaches the 
Same problem by a ifferent method. 
Whereas Boynton and Kandel manipulated 
the sensitivity of the visual System by 


varying an adapting 


N 


VINCENT Di LOLLO 


field, the present S periment maripuleted 
sensitivity by varying the time pee 
the extinction of an adapting field of fixe 
luminance and the onset of a masking 
stimulus of the Same luminance. 


Mertuop 


Subjects, —T he authors, three paid ee vault 
two undergraduates (one female), and a high schoo 
student— served as Ss, 

Apparatus —a standard Scientific Prototype 
(Model GB) tachistoscope Was interfaced with a 
computer, (PDP-8/s), which Performed all the 
timing functions, Channel B of the tachistoscope, 
which Provided the masking flash or the adapting 
field, depending on the condition, was 20,5 mL, in 
luminance and subtended 7° visual angle horizon- 
tally by 5° Vertically, For use as an adapting field, 
it Contained a tiny black fixation Point at its center. 

‘hen there Was a dark-adapting field (Cond. a-d), 

hannel 2 Provided a faintly glowing red fixation 
point. Channel 1 contained the test stimulus, which 
Was a centrally located, 12.5-mL, white disk sub- 
tending a visual angle of 1° on a black background. 

A hand-held switch and a morse key were inter- 
faced to the computer to allow S to initiate his own 
stimulus Presentation ang to make his responses, 
respectively, 

Procedure. he eight stimulus conditions are 
Shown diagrammatically in Fig, 1, The four con- 
iti arc those in which the effect 
of mask duration was investigated: the test stimulus 
was presented at cither the beginning or the end 
of the mask, and either with Synchronous onset or 
offset (Cond. a and b) or with zero interstimulus 
interval (Cond. c and d). The four diagrams at the 
right of the figure represent Conditions in which 

a dark interval] Was investigated, In 

addition, there were four control conditions: (a) 
test stimulus Presented alone on a dark fixation field, 
test stimulus Superimposed on the masking field 

i ttion as the test stimulus, 

s d on steady adapting field, 
adapting field interrupted during presenta- 


oA P 


" À ; “4s 3 
A diagrammatic representation of stimulu 
Sequences in the eight experimental conditions. 
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E of test stimulus. In the execution of the two- 
Erst e ade cae ae cede 
flashed every time Mid tl E ep T 
Cond, (d) was Bon s à: a lapting field in Control 
the e. are I m every time, regardless of 
U currence of the test stimulus. 
epg à 9 INN experimental conditions, 
üratiaus: To ou ke oe or dark interval 
Ree m d end i 0, and 320 msec. dn 
Usenet p Er 3 a pnt was the duration 
Uie ol linis pe aon of the test stimulus. The 
ewe Me thre holds, though generally pre- 
abis. her pos ible with the equipment avail- 
cud epera of the results is, therefore, 
qe he limitations inherent in the use of dura- 
fouc fice ty (see Sperling, 1965). Each SS made 
ape hreshold estimates for each control condition 
aad or every combination of the six mask durations 
Te experimental conditions. 
Cg s were nag ley a PEST procedure 
Nan , ; Taylor & Creelman, 1967), which 
completely controlled by the PDP-8/S com- 
E s Briefly, the, PEST procedure increased or 
P ed the duration of the test disk, contingent 
2$ performance, in such a manner as to track 
pibrovimately 75% correct detection. The precise 
SST rules used were those employed by Pollack 
(1971). The response indicator was a two-alternative 
temporal forced choice: there were two stimulus pres- 
entations on a trial, and the test disk was illumi- 
nated on only one of these presentations. The Swas 
required to indicate which one contained the disk. 
The lowest threshold estimate allowed by the equip- 
ment was .2 msec. 
d The computer used a random number generator to 
E etermine on which presentation the disk was to be 
illuminated and scored S’s responses on each trial. 
k he response was either one or two taps on a morse 
€y to indicate that the disk occurred on the first 
EE the second presentation, respectively. An interval 
Ren least 2 sec. between stimulus presentatio: 
was guaranteed in the programming of the computer. 
IX or seven thresholds were obtained in each 15- to 
pum experimental session; there were 32 such 
sions in all for each S. 


RESULTS AND DISCUSSION 


The four threshold measures obtained by 
each § for each combination of mask 
duration and masking condition were 
transformed logarithmically and were then 
averaged to yield mean threshold values 
for each S. These values, averaged over 
all five Ss, are shown in Fig. 2 and 3. The 
Mean group results shown in these figures 
are entirely representative of the individual 
results of each of the five Ss. 

.. Effects of masking stimulus duration. — 
The eflect of duration of the masking 
Stimulus was most pronounced in Cond. (a) 
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FiG. 2. Mean threshold levels for Cond. (a) to 
(d). (The threshold levels for both control condi- 
tions coincided at .2 msec., the lowest threshold 
estimate allowed by the equipment. The coinci- 
dence is thus probably artifactual.) 


where the onsets of the test stimulus and 
the mask were simultaneous. As shown in 
Fig. 2, threshold rises with increase in 
mask duration up to 80 msec., and remains 
unchanged with longer duration of mask. 
Between 10 and 80 msec. the relationship 
is linear with unit slope, indicating that the 
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Fic. 3. Mean threshold levels for Cond. (e) to (h). 
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energy-contrast threshold remains un- 
changed as would be expected on the basis 
of Bloch’s reciprocity law. 

The curve for Cond. (a) should be com- 
pared with that for Cond. (c) where the 
test stimulus just preceded the mask. dn 
both Cond. (a) and (c), the presentation 
of a masking flash of only 10 msec. causes 
an elevation in threshold of 1.0 log units 
as compared with control Cond. (a) where 
the test stimulus was presented on a dark 
background. Increments in the duration of 
the mask have only marginal effects in 
Cond. (c), but result in sharp threshold 
elevation (almost another log unit) in Cond. 
(a). The greater rate of threshold incre- 
ment in Cond. (a) is consistent with the 
general form of the Crawford masking 
function, and with the finding that longer 
mask durations have little effect on the 
extent of backward masking but have 
pronounced effects on the detection thresh- 
old of stimuli following the onset of the 
mask (Battersby & Wagman, 1959; Sperl- 
ing, 1965). 

It might be arg 


ued that the discrepancy 
between the two 


sets of results is due to 
reduced figure-ground contrast of the test 
stimulus in Cond. (a) where the test disk 
is superimposed on the masking field, 
Whereas in Cond. (c) the test disk is pre- 
sented on the dark fixation field (e.g., 
Eriksen, 1966). However, this possibility 
is discounted by a comparison of the re- 
sults for Cond. (b) and (d), where the dif- 
ferences in thresholds are almost negligible. 

The threshold differences found be 
Cond. (a) and (c) may also be vie 
arising from temporal discrimin 
backward maskin 
cluded in Cond. ( 
fields 


tween 
wed as 
ation in 
& (Sperling, 1965) pre- 
a), where test and masking 
Occur simultaneously. In these 
terms, however, larger threshold differences 
between the two conditions should be ex- 
pected at the shorter mask durations. In 
general, although the threshold differences 
found between Cond. (a) and (c) were ex- 


pected on grounds outlined in the foregoing, 
the magnitude of the effect was unexpected. 
This p 


attern of results offers clear sup- 
port for the view (Baker, 1963; Boynton, 
1958) that masking is largely brought 


about by the onset of the masking stimu- 
lus. The magnitude of the masking effect 
due to the onset of the mask is evidenced 
by a comparison of the threshold levels 
attained in Cond. (a) and the level found in 
Control Cond. (c), where the test stimulus 
was superimposed on a steady adapting 
field. 

The curves for Cond. (b) and (d) are 
virtually identical in shape, showing maxi- 
mum masking at a mask duration of 40 
msec. A possible interpretation may be 
offered as follows: as the duration of the 
mask is increased from 10 to 40 msec., the 
magnitude of the neural responses to the 
mask is increased, as a manifestation of 
Bloch's law for time-intensity reciprocity. 
Above 40 msec., however, another factor 
must be taken into account: concomitantly 
with the increase in the mask duration, 
test stimulus onset is delayed relative to 
the onset of the mask, and the decline in 
threshold reflects the shape of the Crawford 
masking function. 

Effects of dark interval —VPresentation of 
the test stimulus on a dark background 
during an interruption of the adapting 
field yielded the higher of the two control 
thresholds shown in Fig. 3. Superimposi- 
tion of the test stimulus on an uninter- 
rupted adapting field yielded the lower 
threshold. Similar results were found by 
Kahneman (1966) using an acuity task 
involving the resolution of a Landolt C. 
Kahneman (1966) attributed his finding 
to an interference with the contours of the 
test stimulus. Threshold elevation by 
means of the occurrence of a dark interv@ 
is consonant with an interpretation er 
masking effects in terms of neural response 
to the onset and offset of the mask (e£ 
Baker, 1963; Ikeda & Boynton, 1965). 

Conditions (e), (D, and (g) in Fig. A 
show only slightly greater thresholds ther 
the higher control level, and increments ! 
the duration of the dark interval from y 
to 320 msec. have very little effect - 
threshold. Further, for these condition 
it makes little or no difference whether ict 
lest disk is presented at the beginning 
end of the dark interval. es 

By far the greatest effect due to the dura 
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omy ied gebe ique in Cond. (h), 
niena un th a e E with the dark 
msec. [n this sondit "a 
test disk nci ie ae " = 
Statement of the inne qo pier 
termination atthedes X aes di E 
tude of the effect Finis cuiii A magi 
mede oa me obtained is compa- 
the onset of the di E n et 
Wi he aca n * is bera ed 
It should be emph: hene his eem 
ihe Biasitines n p ae at this point that 
Bed oe g field o Cond. (h) and the 
ee g stimulus of Cond. (a) were 
Eee the same field of the tachisto- 
pe, set to the same luminance level. 

Tar nn Cond. (h) and (f) 
Dott cute y ets een Cond. (a) and (o. 
i pron o cgmparisons are characterized 
R a oneee masking effects when the 
the: piu us occurs simultaneously with 
le aset of the masking field, and by low 

vels of masking when the test stimulus 
Precedes the onset of the masking field by 
only a few msec. The difference in results 
between Cond. (h) and (f) closely parallels 
that between Cond. (a) and (c), suggesting 
Te possibility that both sets of results be- 
Ong to the same class of events. 

In this context we hold that, contrary to 
the view of Holzworth and Doherty (1971), 
the presence of a dark interval does not of 
itself act as a mask. Rather, by acting 
ias the level of adaptation of the visual 
Sem, it enables masking effects as- 

ciated with reinstatement of the light 
field, As shown by Keidel, Keidel, and 

igand (1961), the visual system mediates 
Uminance discriminations over a limited 
Tange at any given time. The sensitivity 
range undergoes continuous adjustment ac- 
Sording to current luminance levels, in 

uch a way as to maximize the information 

"o from spatial and temporal fluctua- 
(1938 of luminance. Furthermore, Craik 
Ostia 1939) showed that performance was 
Tea in both an incremental threshold 
ih pny an acuity task, when the test ob- 
^ was superimposed on a background of 
the same luminance as a preceding adapt- 


ing fie F à 
i 8 field, Performance in both tasks was 
O ; P 
Orer when the test stimulus background 
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and the adapting field luminance differed 
in either direction. Thus, following the 
offset of the adapting field in Cond. (h), 
the visual system undergoes rapid dark 
adaptation in such a way as to maximize 
its discriminative capability in conditions 
of darkness. The longer the dark adapta- 
tion is allowed to proceed before onset of 
the test stimulus and mask, the less suited 
is the visual system to mediate discrimina- 
tions involving the relatively high lumi- 
nances of the test and masking stimuli. This 
account clearly implies the Baker-Boynton 
view that it is the onset of the mask that 
is most important in the masking of the 
test stimulus. In the case of Cond. (h), 
the onset of the mask is important because 
it follows a period of darkness during 
which the sensitivity range of the visual 
system has been adjusted. As a conse- 
quence, the masking stimulus onset causes 
a relatively large amount of neural activity. 
1f the test stimulus is delayed with respect 
to the onset of the mask, the visual system 
has had some time to adjust to the higher 
luminance level, and the momentary mag- 
nitude of the neural activity due to the 
mask has decreased. The corresponding 
changes in the severity of masking produce 
the shape of the Crawford masking 
function. 

'The foregoing analysis of the results for 
Cond. (h) applies equally well to the results 


of Boynton and Kandel (1957), who ma- 
nipulated as an independent variable the 
luminance of an adapting field which always 


terminated 280 msec. before the onset of 
the masking stimulus. They found that 
as they increased the luminance of the 
adapting field from zero luminance to a 
luminance somewhat above that of the 
mask, the test stimulus threshold was 
lowered. Further increases in adapting 
field luminance led to an increase in thresh- 
old. According to the account in terms of 
the sensitivity of the visual system, the 
adapting field luminance which led to the 
lowest thresholds was that which, after 280 
msec., left the visual system within a 
sensitivity range appropriate to the lumi- 
nance of the masking stimulus. 
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chaining-paradigm group previously 
and 1-sec. Als for the same paired-assoc| 


test list. 


bel situations where Ss are assumed to 
such beg ue in specific covert behavior, 
iu A RN Or coding paradigms, 
or eis Son of the duration of the recall 
Tärk V mn interval (AI) can have 
lino 4 ly greater effects upon performance 
Sie i control situations where similar 
(eur a is not assumed to occur 
1967) odd & Spear, 1967; Richardson, 
li owes As Richardson (1968) has noted, 
one thi this effect is critically dependent 
tem 1e values which are selected for the 
Poral parameters of study interval 
and Al, 
cignichardson (1968) used the B-C-D 
in à f chains of Russell and Storms (1 
sss SOU Saas transfer experiment W 


asso- 
955) 
ith 


submitted to the 
Vers State Uni- 
ity of New York at Binghamton in partia 
MA degree 

he first author under the supervision of the 
from ideas 


The experiment grew 
heon conversa- 


Js Richardson an 
debt is 


1 Thi : 
his article is based on a thes 


desi 
2 Kv and execution. ini 
is Ow at Department of Educational Admin stra- 
ap ë ofstra University, Hempstead, Ope 
Ear quests for reprints should be sent to Daniel 
sit, ^ Department of Psychology r we 
S V. 13901. 


of N 
New York, Binghamton, N- 
251 


sec. AI chaining-paradigm 
ating associates in the 4-sec. 

12 trials was exhibited by a 
ndom mixture of 4-sec. 
successive trials of the 


posed to a ra 
iate items over 


paradigms. 
aining con- 
p with 4- 


both chaining and nonchaining 
Relative to appropriate nonch 
trols, a chaining-paradigm grou 
sec. AI performed significantly better on 
the test list than a chaining-paradigm 
group with 1-sec. AI. It was reasoned 
that the 4-sec. group had sufficient AI time 
in which to use the mediation device co- 
and the 1-sec. group did not, thus 
c differential facilitation. 
The present experiment was designed to 
confirm and elaborate these findings by 
measuring directly post-test-list recall of 
the mediating associates. Although media- 
tors may never appear overtly during 
learning of the test list, those Ss who con- 
sistently recite the mediators covertly 
during test-list learning should be able to 
recall them better than those who do not 
recite them (cf. Weaver & Schulz, 1968). 
It is reasonable to assume for a mediated 
test list that in both short (e.g., 1-sec.) and 
long (e.g. 4-sec.) Al conditions mediating 
associates are elicited covertly, but in the 
short AI condition lack of time to complete 
the mediating chain results in either no 
response or an incorrect response. Thus, 
the elicitation conditions are favorable for 
g of the mediating associates to 
1, 1968) in the short AI con- 
the long AI con- 


vertly, 
accounting for th 


unlearnin 
occur (Keppe 
dition. Conversely, in 
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dition elicited covert mediating associates 
are provided with sufficient time to produce 
a correct response and should thus be 
strengthened rather than unlearned. These 
premises lead to the prediction that recall 
of the mediating associates will be greater 
following learning of a mediated test list 
with long AI than with short AI. . 
Further, it may be possible to train Ss 
to persist in a strategy of using the mediat- 
ing associates in the face of a short AI by 
mixing long and short AI conditions for 
each item pair over successive trials within 
a given list. If Ss are unable to predict 
whether a given AI will be long or short, 
but are able to complete a covert response 
chain only when it is long, the successful 
recitation of the mediating chain and con- 
Sequent correct response on trials when the 
item appears with a long AI may cause per- 
sistence of this strategy on trials when the 
same item appears with a short AI. To the 
extent that such persistence training leads 
to high recall of mediating associates, rela- 
tive to groups without this training, follow- 
ing subsequent performance on a test list 
under uniformly short AI conditions, the 
effect may be characterized as resistance to 
unlearning. 
The present experiment sought (a) to 
confirm reports of facilitated learning in a 
chaining paradigm when sufficient time is 
provided during AI for mediation to occur, 
(b) to measure recall of the assumed 
mediators as an indirect test of whether 
mediation occurred as a function of chain- 
ing paradigm and of AI, and (c) to impose 
à condition with a random mixture of 
items of long AI with items of short AI 
in a single list for the purpose of producing 
resistance to unlearning of the mediators. 


METHOD 
Subjects.—The Ss were 
and female Harpur Colle; 
required to partici 
periments for 
The Ss 


180 undergraduate male 


course in psychology. 
participated in an 
u 5 the Ru l and Storms (1955) 
The Ss Were assigned to conditions using 
zation procedure which balanced 

for sex and order of appearance at the laboratory. 
All Ss received the Same instructions for the first 
two pretraining lists of the experiment and re- 


previously 


€ 


TERRY H. EBERT AND DANIEL FALLON ~ 


ceived specific instructions for their pele 
groups in later parts of the experiment. All A 
were tested by the same E and were run singly. n 
addition to the 180 Ss who completed the experi- 
ment, 9 were dropped for various reasons including 
equipment failure, or failure to learn a list or i 
follow instructions. Each of the 9 was in a dif- 
ferent group. . 
Materials and apparatus.—Vour of five lists con- 
sisting of 10 pairs each of verbal stimuli and re- 
sponses (B-C, C-D, S-B, S-N, S-D) were used i 
each of two paradigms. The B.C and C-D lists 
were common word associates taken exactly from 
the Russell and Storms (1955) materi ege 
B = stem, C = flower, D = smell, (cf. Richardson, 
1968). The S terms were CVCs of low formal 
similarity (Archer, 1960). The N terms were a set 
of numerals, 0 through 9. The chaining paradigm 
consisted of the following lists learned in order: 
B-C, C-D, S-B, and S.D. The nonchaining par- 
adigm consisted of the following lists learned in 
order: B-C, C-D, S-N, and S-D. 
All PA lists were typed in black ink on vellum 
pe and were presented to S on a Stowe memory 
drum by the anticipation method. The Æ was 
hidden from the view of S by a wooden shield. 


The stimuli for the recall of the mediators were 
S terms typed in bl 


ack ink on vellum tape and pre- 
sented on the Stowe memory drum. 

Procedure and design.—All groups first learned 
List B-C at a 3:1 rate toa criterion of one perfect 
trial, and then learned List C-D, also at a 3:1 rate, 
to the same criterion. The Ss in the chaining 
paradigm (groups labeled C) then learned List S-B 
at a 2:2 rate to a criterion of two successive perfect 
trials, while Ss in the nonchaining paradigm (groups 
labeled NC) learned List S-N, also at 2:2 rate, to 
this criterion. 

Ten S-D trials were given to 
groups, the first 3 S-D trials wei 
rate. Over Tri 
and one-third 


ta 


all groups. In all 
re always at a 4:1 
als 4-10, one-third of the chaining 
of the nonchaining groups learne 

S-D at a 4:1 rate (groups labeled C-4, NC-4), one- 
third learned S-D at a 1:1 rate (groups labeled 
C-1, NC-1), and the final third learned S-D at e 
composite rate containing a mixture of items PM 

sented at 4:1 and 1:1 rates (groups labeled E MP 
NC-M). For each S in Groups C-M and tt 
all items appeared at both 4:1 and 1:1 rates. ‘al 
each 5, the number of 4:1 pairs on any given win 
in Groups C-M and NC-M was varied from 0 to me 
The order in which trials containing varying nu zi 
bers of 4:1 pairs were presented was ATE at 
form counterbalanced sequences between d the 
averaged across all Ss on a given trial, 50% o ups 
pairs were 4:1 pairs "Therefore, for each of de: 25 
C-M and NC-M taken across all Ss there ae b 
equal, 50%, proportion of 4:1 and 1.1 pairs on €* 

of Trials 4-10, 


ining con” 
In both the chaining and the rac or 
S 3 ither 1 sec- 
ditions, groups with AI schedules of age yuzzle 
mixed seconds were asked to solve a pyramid 1 


alize 
< > par E equa 
after S-D learning. This was done so as to ed 


UNLEARNING AS A FUNCTION 


the i 
amount of time from the beginning of S-D 


learning eas h 
groups. p ch recall et the B-C mediators in all 
Puzz roups C-1 and NC-1 were giv 1 
izzle for 3.5 min., and G é re given the 
Were given the same "ee le Cols CM and NC-M 
When all gr. x mained 1.75 min. 
earning, hall or cats finished 10 trials of S-D 
uode of KC treet iur done Mà 
Le; S was dde a monpecety cued procedure; 
they remained in vi E = í terms one ata time, and 
Was given or S fenonied ts m qos S 
response. The S was pe hat he did not know the 
time to respond as » sat to take as much 
made the drum was S = Mtr $ FeSpoDae Wee 
term was Scie fà ST anced so that the next Ss 
theicorrect, fin Ed. He recall had to be given in 
to be given fon the E er, and both members had 
Correct response The gener to be scored as a 
sponse terms and ds à hs way — 
Wer correct, as not told if his responses 
Ju Og Pet cM apes presented with an additional 
of the BLOBS A m sti ai: rate. For the half 
Procedure a ee ic not receive the first recall 
ollóiine cc is "fast S-D learning occurred 1 min. 
S.D | g regular S.D learning. After the “fast 
C earning, all 12 groups were tested for recall of 
C using the cued, nonpaced procedure described 
above, 
c. 116. intertrial interval was 4 sec. for the B-C, 
les -D, and $ s It was 5 sec. for the S-D 
Sts. There wa st period of 1 min. between 
each of the learning tasks of the experiment. A 
u yellow tape was presented to S during each 
st period. The items within each of the PA lists 
during each of the learning tasks as well as the 
poms in the fast learning task were arranged in 
em id random orders. The order of the S terms in the 
*call task was also randomized. 
m n summary, three experimental variables were 
aa o nae, (a) Paradigm had 2 levels; chaining 
and nonchaining ; (b) AI had 3 levels; 4 sec., 1 sec., 
à specially constructed composite mixed rate of 
Sec. and 1 sec; (c) mediator-recall test had 2 
oe prior to, and following, a fast-rate learning 
ask, Thus, the experimental design was a 2 X 3 
X 2 factorial. There were 15 Ss in each of the 12 
Rroups, 


RESULTS 


The 12 groups of Ss did not differ on the 
Number of trials to learn the first, B-C, 
list (X — 2.84; range of Xs — 2.67-3.20), 
or on the number of trials to learn the 
second, C-D, list (X = 3.42; range of Xs 
= 3.13-3.80). On the third list, the 6 non- 
chaining paradigm groups learning List 
S-N took significantly fewer trials to 
criterion ( = 11.60) than the 6 chaining- 
Paradigm groups learning List S-B (X 
= 14.28), F (1,168) = 9.27, p < -005. It 
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was assumed that List S-N was easier to 
learn than List S-B because the numerals 
reduced response-learning requirements 
(Battig, 1962), facilitated associative learn- 
ing, and increased list differentiation. 


Fourth-List, S-D, Learning 


The mean number of correct responses 
for each of the first 10 trials of learning 
with List S-D is presented in Fig. 1. For 
the first 3 trials of S-D learning, all Ss 
learned the list at a uniform Al of 4 sec. ; 
i.e., the different AI schedules were intro- 
duced first on Trial 4. Therefore, the data 
were analyzed separately for the first 3 
S-D learning trials and the last 7 S-D 
learning trials. 

Trials 1-3.—As Fig. 1 clearly shows, 
paradigm had a significant effect upon per- 
formance during the early trials, with Ss 
in the chaining paradigm performing at a 
higher level than Ss in the nonchaining 
paradigm, F (1, 168) = 378.10, p < .001. 
Furthermore, the differential in perfor- 
mance due to paradigm increased over the 
three successive trials, F (2, 336) = 10.74, 


p < .001. 
Transition of Trial 3 to Trial 4—An 


analysis of variance on the data of Trials 3 
and 4 indicated a significant AI X Par- 
adigm X Trial interaction, F (2, 174) 
= 7.36, p < .01. The immediate effect 
of variations in AI on Trial 4 was indicated 
by the AI X Trial interaction, F (2, 174) 
— 160.90, p « .001. 

Data describing the change in perfor- 
mance from Trial 3 to 4 are presented in 
Table 1. Because all Ss were exposed to an 
AI of 4 sec. through Trial 3, the only ef- 
fect evident upon performance on Trial 3 
was the main effect of paradigm. Thus, for 
example, on Trial 3 there was a significant 
difference in the performance of Groups 
C-1 and NC-1, which could be attributed 
to paradigm. However, when AI was 
dropped to 1 sec. for these two groups on 
Trial 4, the significant effect of paradigm 
disappeared. However, for Groups C-4 
and NC-4, which were maintained at an 
Al of 4 sec., significant differences in per- 
formance evident on Trial 3 remained on 


Trial 4. 
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„Q= O-O 


TRIALS 


Fic. 1. 


Mean number of correct responses as a function of trials, with 


paradigm and AI as parameters. During Trials 1-3 AI was 4 sec. for 


all Ss. 


Trials 4-10.—During the next seven 
S-D learning trials, AI continued to affect 
performance, F (2, 168) = 171.92, p < 
001. Because of the continuing strong 
effect of paradigm on the 4-sec. AI groups, 
the overall main effect of paradigm was 
also significant during these trials, F (1, 
168) = 4.08, p< .05. A significant AI 
Paradigm interaction, F (2, 168) = 
3.24, p < .05, confirmed that AI pro- 
duced more pronounced effects upon per- 


TABLE 1 


Contrast OF Mean NUMBER or Correct 
RESPONSES ON TRIALS 3 AND 4 OF THE S-D 
List as A FUNCTION OF PARADIGM AND 
ANTICIPATION INTERVAL 


Trial 3 Trial 4 
m^ X |:69| » X |e] > 
Nea 239 lar | cot $39 | 6.21 | .001 
NCM. | S33 | 678 | .om 2-19 | p.28. | Jis 
Nc | $40 | &17 | .001 M3] 2755 


formance within the context of the chain- 
ing paradigm. There was greater im- 
provement over trials in the 4-sec. Al 
groups than in the mixed-second AI groups 
than in the 1-sec. AI groups, F (12, 1008) 
= 2.58, p < .01. There was also a greater 
improvement in performance over trials 
among the nonchaining-paradigm groups 
than among the chaining-paradigm groups; 
F (6, 1008) = 6.68, p < .001. 

Trials 11-22.—After half of the Ss were 
given a test for recall of the mediating 
associates, all Ss were presented with 12 


TABLE 2 


I : E 
MEAN NUMBER or Correct RESPONSES ON TH 
S-D List DuniNG Triats 11-22 


Chaining 


Nonchaining 
paradigm 


paradigm 


AI during z x 
Trials 4-10 4 
Recall | Recall Recall | Recall 
1 2 1 A 
6 
4 sec. 6.32 | 6.79 | 6.55 | 6.76 | 6.76 $7 
Mixed sec. | 5.40 | 7.10 | 6.25 | 7.54 id 6,09 
sec. 4.99 | 6.28 | 5.61 | 6.10 | 6.08 | 6:36 
X 5.57 | 6.722. | 6.18 | 6.80 | 6.92 


p - 1 trials. 
Note.—Anticipation interval (AI) = 1 sec. on al 
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aie learning trials on List S-D at a 
Bate l-sec. AL A summary of these 
of s. ag pede l'able 2. Performance 

: nchaining paradigm was 
pem to that of Ss in the eheiniüg par- 
Š m during Trials 11-22, F (1, 168) 
eiee : F -05. Those Ss who had been 
ad fi o the recall test between Trials 10 
formaa (Recall 1) exhibited poorer per- 
the x: S: than those who did not receive 
2p t test until after Trial 22 (Recall 
bit ae = 4.19, p < .05. There were 
Tc: iferences in performance due to 
ie Ay ces in response strength produced 
Eur during Trials 4-10, F (2, 168) 
B of ‘= < .05. However, the compari- 
groups 1e 1-sec. AI groups with the other 
imi accounted for 91% of the sum of 
68) is for the main effect of AI, F (1, 
jos S 8.39, p < .005, indicating that the 

initial response strength of the 1-sec. 
the groups was principally responsible for 

effect. 


K , 
Recall of the Verbal Mediating Associates 


"Rs mean number of correct responses 
e led at the conclusion of two stages of 
Table = with List S-D is presented in 
emake 3. Recall 1 indicates recall of the 
erigi for the six groups which were 
hi es after 10 trials of S-D learning, 
tors Recall 2 indicates recall of the media- 
test for the six groups which were first 
lie after the complete 22 trials of S-D 
those = Because the within-S data of 
Bod. Ss tested for recall of the mediators 
h at Recall 1 and Recall 2 showed a 
Pattern similar to that of the independent 


M TABLE 3 
EAN Numper or Correct B-C MEDIATORS 
ECALLED Prior TO TRIALS 11-22 OF S-D 


LEARNING (RECALL 1) AND FoLLowING 
Trias 11-22 (RECALL 2) 


Chaining Nonchaining 


KT aguas. paradigm aradig 
pu 3 i ined 
Recall 1 | Recall2 | Recall 1 | Recall 2 
ds 
Mixed s 6.53 | 4.53 1.73 | 2.58 
1 Sec, sec. 5.20 6.27 1.80 3.60 
s 4.07 5.07 1.33 1:73 
Nota ai ant = 
te.—Anticipation interval during Trials 11-22 = 1 sec. 
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groups and provided no additionally useful 
information, only the data for the in- 
dependent groups are presented. 

The Ss in the chaining-paradigm groups” 
peled inei id more mediators than 

s in the nonchaining-paradigm groups, 
F 168) = 55.34, p < .001. "A opera 
analysis on the data for the nonchaining- 
paradigm groups alone revealed no effects 
which approached significance. For the 
chaining-paradigm groups taken alone, the 
predicted AI X Recall Test interaction 
reached a marginal level of significance, 
F (2, 168) = 3.04, p < .06. Further, | 
99.96% of the interaction sum of squares 
was accounted for by the comparison over 
the two recall tests of Group C-4 with the 
other two groups, F (1, 168) = 6.13, 
p < .025. At Recall 1, Group C-4 differed 
significantly from Group C-1, f (28) = 
2.22, p < .05, but the two groups did not 
differ significantly at Recall 2, 1(28) = .81. 
At Recall 2, the prior prediction that the 
“persistence training’ for Group C-M 
during Trials 4-10 would result in higher 
recall than for Groups C-4 and C-1 was 
confirmed, ¢ (43) = 1.87, p < .05, one- 


tailed. 
DISCUSSION 


The differential facilitation of test-list learn- 
ing in the chaining paradigm under a 4-sec. Al 
replicates Richardson (1968) and is consonant 
with the notion that because mediation takes 
time, facilitation can only occur when AI is 
sufficiently long to permit it. Of interest in the 


present experiment was the demonstration of 
the immediate direct effect of AI: the perform- 
ance advantage of a chaining-paradigm group 
over a nonchaining-paradigm group was lost 
completely when the AI was dropped from 4- 
sec. to 1-sec. on Trial 4. This finding empha- 
sizes the dependence of chaining-paradigm 
superiority upon Al and, by implication, upon 
sufficient time for the recitation of a mediation 
device. 

The use of a recall test as a measure of de- 
of mediation is a simple extension of the 
procedures developed by Barnes and Under- 
wood (1959) and successfully extended to 
different situations by others (e.g., Weaver & 
Schulz, 1968). Among the distinguishing 
features of the present procedure are that recall 
of two mediating associates in sequence was 


gree 
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required and that recall was measured as a 
function of Al in the mediated-learning task. 
The results of the present experiment demon- 
strate that more mediators are recalled follow- 
ing learning with a 4-sec. AI than with a 1-sec. 
Al. Further, there is a suggestion in the data 
that available mediators are unlearned when 
AJ in the mediated-learning task is uniformly 
i-sec. and that Ss subjected to a mixture of 
1-sec. and 4-sec. Als during mediated learning 
are resistant to this unlearning. 

The nature of the learning task was such 
that Ss in the nonchaining paradigm could 
recall the correct mediating associates only 
by first recalling a D term and then recon- 
structing the B and C terms from it, i.e., in 
the sequence S-D-C-B. For these Ss, recall 
of the third list, S-N, was of no benefit in 
recalling the B-C mediators. However, Ss in 
the chaining paradigm could recall the media- 
tors by recalling the third list, S-B, and then 
retrieving the mediating associates, i.e., in 
the sequence S-B-C-D. Thus, complete un- 
learning of the S-B connection for chaining- 
paradigm Ss would be indicated by recall 
performance similar to nonchaining-paradigm 

Ss. The finding that recall was substantially 
better for the 1-sec. chaining-paradigm groups 
than for the 1-sec. nonchaining-paradigm 
groups argues, therefore, that the mediating 
associates were not completely unlearned in 
the chaining paradigm as a result of the 1-sec. 
Al, even though performance was not facili- 
tated during test-list learning. 

There are s 


eral shreds of evidence that 
Ss in the chaining paradigm were persisting 
in a strategy of mediation, even when the 
strategy did not benefit performance. For 
example, the poorer performance of the 
chaining-paradigm groups during "fast" test- 
list learning, Trials 11-22, suggests that 
these Ss, taken together, were persisting in a 
mediation strategy which was actually detri- 
mental under the new circumstances. Sim- 
ilarly, the recall test administered between 
Trials 10 and 11 could be expected, by pro- 
viding an occasion for overt recitation and 
rehearsal, to strengthen the mediating asso- 
ciates. "Thus, the poorer performance of Ss 
during “fast” test-list learning, Trials 11-22, 
who were given the recall test prior to Trial 11 
is suggestive of persistence in an inappropriate 
mediation strategy. 

The outcome of Recall Test 2, in which the 
superior recall of Group C-4 over Group C-1 
at Recall Test 1 was eliminated, implies that 
persistence in a mediation strategy led to the 
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unlearning of mediators for Group C4. 
Because there was no control group which 
continued to learn List S-D with a 4-sec. AI 
during Trials 11-22, it is not possible to rule 
out definitively the possibility that the loss 
over the two tests for Group C-4 was due to 
mediator “drop-out” (cf. Weaver & Shulz 
1968). However, the complete absence of any 
loss for Group C-M argues against this posst- 
bility. In fact, the reversal in relative su- 
periority of recall of Groups C-M and C-4 over 
the two recall tests is supportive of the prop- 
osition that Ss in Group C-M exhibited re- 
sistance to unlearning of the mediators. 

It is possible to conceptualize the conditions 
for Group C-M during Trials 4-10 as a partial 
reinforcement situation if one assumes, unlike 
the usual paired-associate reinforcement model 
(e.g., Schulz & Runquist, 1960; Silverstein, 
1967), that a correct response must be emitted 
overtly, or at least covertly elicited, in order 
to be reinforced. Thus, a 4-sec. Al provided 
sufficient time for elicitation of the mediating 
chain and of the correct response and resulted 
in reinforcement. However, a 1-sec. AI per- 
mitted elicitation of the initial portions of the 
mediating chain, but cut off the chain after 
1 sec., thereby blocking elicitation of the cor- 
rect response and resulting in nonreinforce- 
ment. The mixture of these two events In 
unpredictable fashion trained Ss in Group 
C-M to persist in a mediation strategy under 
unfavorable conditions, and thus led to re- 
sistance to unlearning of the mediators. This 
argument may be viewed as a direct analogy 
to persistence theory developed from simple 


instrumental learning situations (e.g., Amsel, 
1958-1972). 
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MOTION PARALLAX AND ABSOLUTE DISTANCE? 


STEVEN H. FERRIS? 


Naval Submarine Medical Research Laboratory, Groton, Connecticut 


S ista stimation based on monocular motion 
he accuracy of absolute distance es | on J 

= ve diemi both before and after Fora E n ith nd 

li i i imi Ss either held their heads stationary 
usual distance information eliminated, e ay neac nS enol r 
rhythmically rotated their heads about a vertical axis while judging the 
distance of stimuli placed 1.22-4.57 m. away. Although distance feepdbn 
ini t produced more accurate judgments 

as poor before training, head movemen : c n 
hai head fixed. After only 10 training trials, accurate judgments based 
eH motion parallax were obtained. Results with a white background were 
as good as with a textured background when Ss were given direct information 
about motion parallax. Good results were also obtained for motion parallax 


relative to a near reference object, 76.2 cm. away. The results indicate that 
motion parallax can be useful for absolute distance estimation. 


Motion parallax has been defined by 
Graham (1965, p. 504) as follows: "When 
a subject's eyes move with respect to the 
environment, or when the environment 
moves with respect to the subject's eyes, 
a differential angular velocity exists be- 
tween the line of sight to a fixated object 
and the line of sight to any other object in 
the visual field.” If O rotates his head 
about a vertical axis, objects more distant 
than the fixated object appear to move in 
the same direction as the head movement, 
at velocities dependent on their distances 
from O; similarly, objects closer than the 
fixated object move at velocities dependent 
on their distances, but they move in the 
opposite direction. Although Helmholtz 
(1962, pp. 295-297) believed that motion 
parallax information is useful for perceiving 
both relative depth (distance between 
objects) and absolute depth (distance be- 
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teship. 1 thank A 
Kinney for her valuable advice, HEE do: Ann 


tween object and O), most of the relevant 
experiments have been concerned only wi & 
relative depth (Gibson, Gibson, Smith, 

Flock, 1959; Graham, Baker, Hecht, à 
Lloyd, 1948; Smith & Smith, 1963; Tugher 
mak-Seysenegg, 1939, cited in Gibson et Ct 
1959, p. 41). There seems to be no dou i 
that motion parallax is a useful (if no 
precise) source of information for perceiyang 
relative depth. Even infants and tela. 
animals apparently use motion parallax (cf. 
Bower, 1965; Walk & Gibson, 1961). . 

A limitation of many of the nia 
parallax studies is that they were concerne 
with visual field movement in the absence 
of O movement. Park (1964) has shown 
that visual field movement alone, passive 
O movement, and active O movement, 1” 
that order, are progressively more effective 
for relative depth perception. Park ale 
presented an analysis indicating that g^ 
tion parallax cannot provide a basis pe 
Perceiving absolute depth. His negat" 
experimental results agree with those i 
Bourdon (1902, cited in Gibson et aly 
1959, p. 41). But Dees (1966), in the OF 
extensive attempt to use motion para " 
for absolute distance, was able to eu 
to make accurate absolute distance MR 
mates based solely on motion parea 
Unfortunately, Dees did not use ot 
movement, and the performance of u^ 
before training was not reported. to re 
present experiments were designed for 
examine the use of motion parallax 
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Pon te distance. The Ss actively moved 
EU heads from side to side, and results 
afore z train! 
e and after training are reported. 


GENERAL METHOD 


St a oen cast mene 
one experiment. Ni WA took part in only 
the exper; ES one had any prior knowledge of 
E perimental situation. 

m E — arrangement per- 
with minimal Te of targets at various distances, 
S'satin E distance information available. The 
away 8 He room, facing a wall which was 5.92 m. 
aed 5 he field of view was restricted by a black 
uh p pond 41.91 cm, from S's eye, and having a 
high (e253 „opening 13.66 cm. wide X 12.70 cm. 
els e iS x 17 14’). Neither the floor nor the 
with ach fs "visible, Two curved partitions, draped 
Puch xi sheets, were placed between the wall and 
tween rà of the screen, thus enclosing the area be- 
expert he screen and the wall. Depending on the 
ig condition, the wall was covered with 
tektir sn anite paper or white paper having a 
Thes ae 1.27-cm. red squares (290 squares/sq. m.). 
ES eife ackgrounds were 3.35 m. wide (67°54 ) had 
ix de height of 17°14 , and were illuminated 
illur brightness of 25 ftl. Since this was the only 
B PUE in the room, the targets, which were 
i ack, appeared as silhouettes. The targets varied 
n width from 24.44-19.05 cm., and when individually 
Pente at the appropriate distances, à constant 
Rages width of 2°22’ was maintained. The effective 
ee it was always 17°14. The basic test distances 
Bee Bid Be Mes and 15 ft, (1.22, 1.52, 2.13, 2.74 
à 6, and 4.57 m.). Other distances were included 
Hong training sessions. All viewing was monocular. 
ws rocedure;— There were three phases to each 
a enet The initial test (T), 10 training trials, 
Fuse e final test (Tj). Each test distance was pre- 
jud ed twice, in random order. The S's task was to 
ER the absolute distance of the target, to the 
Wer est foot or half-foot. Ten different distances 
ol S presented during training. Training consisted 
S being verbally informed of the correct distance 
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after each judgment. Between each judgment, the 
viewing opening was covered while a new target was 
positioned. The major experimental variable was 
the presence or absence of motion parallax informa- 
tion. During both test and training judgments S. 
either kept his head fixed on a chin rest, or routed 
his head rhythmically from side to side about a 
vertical axis as he viewed the target. 

In the instructions, Ss were asked to look directly 
at the target and report how far from them it ap- 
peared to be. It was stressed that the task was 
purposely made difficult and that they should not 
be concerned if they had some difficulty. 

The two judgments of each Sat each distance were 
and the median judgments for each group 
ysical distance. In 
1957) 


averaged, 
were plotted as a function of ph. 
addition, power-function exponents (Stevens, 


were computed. 
EXPERIMENT I 


Method.—The variables examined were textured 
versus white background, and head fixed versus 
motion parallax. Ten Ss were assigned to each o! 
the four treatment combinations. After Ty Ss in 
the motion parallax groups were informed of the 
nature of motion parallax and were encouraged to 
use this information in determining their judgments. 

Results. —The median distance estimates 
are plotted in Fig. 1. The semi-inter- 
quartile ranges are listed in Table 1 to indi- 
cate the variability of the estimates. An 
analysis of variance for a four-factor design 
with repeated measures On two factors 
(Winer, 1962) indicated a statistically sig- 
nificant effect on the distance estimates for 
physical distance, F (5, 180 — 164.7, 
p < .001, for motion parallax (parallax 
versus head fixed), F (1, 36) = 5.83, 
p < 05, and for training (T, vs. Te 
P (1, 36) = 78.79, p< 001, but no SIg- 
nificant effect for background (texture 


x 
'arallax e Ta Texture 
[ B. Motion Pi Eton 
5» 
$7 
> 
e) 
P 


ES 
T, Texture 


T, White 


once (FH) 
T; and T: in Exp. I: Textured 


xed (A) and motion parallax (B). 
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TABLE 1 
VARIABILITY OF DISTANCE JUDGMENTS (SEMI-INTERQUARTILE RANGES) 
Measure (in ft.) 
15 
Group 4 5 7 9 12 
Tnlcminlsgx T | T: Si | "Ra 
Ts | ww | m 2 | 
, 3.25 
E fixed 1.50 75 | 2.15 1.00 | 2.00 | 1.00 | 125 | 225 123 175 
White parallax 75 | ‘67 E 150 | 75 2.62 | 1.37 1-87 | 1.62 175 
xture-fixed .62 | 1.00 50 23 8 62 50 Be i9 EE 
m sies M 1.00 | .75 | 1.00 «50 | .50| .37 | 125 | 1.50 | 2.25 i 
P 5 5 1.12 | 1.62 | .62 | 2.00 | 1,50 | 3.00 | -5 
White-uninformed 1.00 .50 A5 2 62 :62 | 2.00 E 175 
Hewes ten 50 37 .62 .62 462 | 1.25 | 1:75 .50 | 1.00 
PR d 75) — 1.37 | — 1.00 | — P37 | «—- cai) — 2.25 <0 
Near-parallax — .37 | — 45| — 62 | — A | ees 4458 “SS 
versus white), F (1, 36) < 1.0. Defining 


judgment accuracy as closeness to physical 
distance, comparison of Fig. 1A and 1B 
indicates that both before and after tr. 
ing, judgments were more accurate 
parallax than for head fixed. Furthermore, 
|. the advantage of head movement increased 
© with distance, as indicated by a significant 
Parallax X Distance interaction, F (5, 180) 
M = 36.12, p < .001. Another way of in- 
terpreting this interaction is that the degree 
of increase in judgment magnitude with 
increased distance was greater for parallax 
i than for head fixed. There was also a sig- 
iy nificant Training X Distance interaction, 
F (5, 180) = 34.49, p < .001, reflecting a 
greater improvement with increased dis- 
tance. Finally, there was a significant 
Parallax X Training X Distance interac- 
tion, F (5, 180) — 3.11, p « .01, indicating 
that the effect of training increased with 
distance to a greater extent for parallax 
i than for head fixed. With the exception of 
a small Background X Distance interac- 
tion, F (s, 180) — 2.48, b < .05, which 
! had no meaningful interpretation, all 


| other interaction effects were nonsignificant 
| (ps > .10). 


Since distance estimation was more ac- 
curate for parallax than for head fixed even 
before Ss we 


1 re informed of the nature of 
motion parallax, it is of interest to know 


whether Ss were actually aware of the 
parallax information, When the parallax 
1 


ain- 
for 


Ss were questioned after Ti, only one of "i 
10 Ss in each background group reporte 
that he noticed relative movement between 
target and background. d 
Power-function exponents for the T; an 
T» distance functions of the four groups are 
listed in Table 2. The coefficients of deter- 
mination (7?) are also listed, to indicate how 
well the data fit power functions. f An 
exponent of 1.0 would indicate a ligis 
relationship between judged and physica 
distance, equivalent to perfect distance dis- 
crimination. An exponent of 1.0 does not 
necessarily mean that the judgments were 
accurate, that is, equivalent to physical 
distance, since there can still be a large 
constant error. Taking closeness of „the 
exponent to 1.0 as the measure of discrimi- 


TABLE 2 
POWER-FUNCTION EXPONENTS 


GA T: 
ESEE 
Group —— A 
Exponent | ;? | Exponent 
Exp: 1 2 .90 
White-fixed 19 A3 104 99 
White-parallax 65 95 "8 2$ 
Texture-fixed .32 -96 Un? 
Texture-parallax 88 97 d 9 
Exp. I 9? 93 a 
White-uninformed 85 i 99 |e 
Texture-uninformed .80 9 Pe 
exp. III = 9 
Near-fixed AS 94 1.03 9 
Near-parallax =a 
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nation, it i 

A li is apparent from Table 2 that 

tae ee was quite poor before train- 

dead € fixed, but much better for 
allax. iscrimination in ed as é 

den dis iproved as a 

esult of training. E 


Discuss; T 
ie Logd erg d paon distance. dis- 
Indicates that the bas fixed before training 
Successfully NT experimental arrangement 
information he virtually all distance 
Mates at the ne he slight increase in the esti- 
to Stenson cn distances was probably due 
vergence, A AMON and accommodative con- 
the karkeat 7 particular S tended to perceive 
only a Edere 2 particular distance, usually 
distance ti away, regardless of the physical 
there is A 3 N Gogel (1969) has pointed out, 
in the Sba specific distance tendency” which, 
in objects ie of distance information, results 
distance. QE perceived at a definite near 
of the ics PINES the nearest physical distance 
accounts pee was 4 ft. (1.22 m.), this tendency 
almost E the fact that the judgments were 
hs EAE less than the physical distance. 
before x TEN low power-function exponents 
top ure anon are cons tent with the results 
(1968) EM cues" obtained by Künnapas 
improve raining with head fixed led to some 
diva nec o) indicating that some residual 
Ments & information remained. ,, Besides com- 
Ported po as “how it looked, some Ss re- 
ieten ney. based their judgments on size 
Constant | Even though retinal size was 
Phas 2 the more distant, physically wider 
Parent appeared wider. This change in ap- 
quite bs for targets of equal retinal angle is 
Change Urprising. There was virtually no 
chänges.i perceived distance even though the 
ance infor perceived size imply that some dis- 
plana ormation was available. A speculative 
ation for this outcome is that distance 
Ive parallel processes. 
ht be possible for dis- 
for producing 
ficient for 


Size perception invo 
fae Were true, it mig] t 
ne sufficient f 
Producing. apparent size to be insu 

An ur g changes in perceived distance. 
that, CRESCE result of the experiment we 
Brounq p sesenen or absence of a textured back- 

3 had no important effect on the useful- 
especial motion parallax information. It is 
eflect RÀ surprising that background had no 
fo his he training. A possible explanation 

Wo ae is that once S was looking for 

vement, there was enough notice- 
ground to per- 
Hence adding 
ant 


ab] 
© tex 

m AUI on the white back 

. Maximal 


i »erformance. 
ional I rmance 


adq 
texture would have no import 
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effect. This possibility was tested in the next 
experiment. 


EXPERIMENT II 


Method.—Two additional motion parallax groups 
were tested, one for each background. There were 
10 Ss in each group. In contrast to the previous 
experiment, these Ss were not informed about the 
nature of motion parallax prior to the training trials. 
The training procedure was otherwise the same as 


in the previous experiment. 


Results —The median distance estimates 
are plotted in Fig. 2. The results show that 
the presence of a textured background did 
make a difference after training when Ss 
were not told about motion parallax. An 
sis of variance for a three-factor design 
with repeated measures on two factors 
(Winer, 1962) indicated statistically sig- 
nificant effects for training, F (1, 18) 
= 41.5, p <.001, for physical distance, 
F (5. 90) = 196.4, $ < .001, and for the 
Training X Distance interaction, F (5, 90) 
= 16.2, p < .001. As in Exp. I, training 
improved performance, judgment magni- 
tudes increased with distance, and the effect 
of training increased with distance. Over- 
all, background (texture vs. white) did not 
have a significant effect, F (1, 18) = 2.0, 
p > 0, but there was a significant Back- 
ground X Training interaction, F (1, 18) 
Z 7.6, p «.05. It is apparent that the 
distance judgments were more accurate for 
texture than for white after training, but 
not before training. There was also a 
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significant Background X Training X rd 
tance interaction, F (5, 90) = 3.0, p E 2: 
reflecting the fact that the increased e us 
of training with increased distance was 
greater for texture than for white. The 
power-function exponents for Exp. II (see 
Table 2) indicate a greater improvement in 
discrimination for texture than for white. 
When questioned after the experiment, 
three Ss in the texture group and no Ss in 
the white group reported that they used 
motion parallax information. 

A comparison of Fig. 2 and 1B indicates 
that except for T;»-white, the results for this 
experiment and for the Parallax groups of 
Exp. l appear to be quite similar. An 
analysis of variance was performed using 
the T; data from Exp. II and the T; data 
from the parallax groups of Exp. I. Only 
physical distance was a significant factor, 
F (5, 180) = 120.9, p < .001, and there 
were no significant interaction effects 
(ps > .10). Since Ss of the two experi- 
ments were treated exactl 
to training, 
Ti-parallax 


y the same prior 
Exp. II therefore replicates the 
results of Exp. I. For T», how- 
ever, a separate analysis of variance indi- 
cated that the effect of informing Ss about 
motion parallax was statistically signifi- 
cant, F (1, 36) = 6.1, p < .05. 

also a significant Informed XB 
interaction, F (1, 36) — 
dicating that informing 
ence only for the w 


There was 
ackground 
SI,» = 5. fae 
Ss made a differ- 
hite background. 


EXPERIMENT III 


Method.—In the first two experiments, the paral- 
lax movement was relative toa background that was 
more distant than the target. This experiment 
examined motion parallax relative to an object 
nearer than the target. A 1.90-cm. wide, vertical 
black strip (1°26’) was mounted behind the viewing 
opening, 76.20 cm. from S and 3°56’ to the left of 
the target. The White background was used. A 
group of 10 Ss was tested with head fixed (T), in- 
formed about motion parallax (relative to the near 
strip) and trained with head movement, and then 
retested with head movement (T.), 

, Results.—The data demonstrate the effec- 
tiveness of motion Parallax with a near 
reference. In Fig, 3, the results are com- 
pared with the corresponding results from 
Exp. I. With head fixed, distance percep- 
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Fic. 3. Median distance estimates for Tı (head 
fixed) and T; (motion parallax, informed) based sA 
a near reference object (Exp. III) and a far referenc! 
background (Exp. I, white background). 


tion with the near reference strip was 
initially poor, but somewhat better than 
when it was not present. For Tı, a sta- 
tistical comparison of the Near and Far 
conditions revealed a significant Near-Far 
X Distance interaction, F (5, 90) = 4. 
b < .01, reflecting a greater increase is 
judgment magnitude with increased dis 
tance for near than for far. Also, there was 
a larger T; exponent for near (see Table 2) 
indicating better initial discrimination when 
the strip was present. For parallax after 
training, however, a separate analysis indi- 
cated no significant differences between 
Near and Far (Fs < 1.0). Thus, training 
with head movement and the near object 


4 e 
led to the same improvement as when th 
far background was used. 


GENERAL Discussion 


«hat 
These experiments have demonstrated S 
prior to any training, absolute distance pe" ith 
tion is better with head movement than er $5 
head fixed. This result is inconsistent wit e is 
view of Park (1964) that motion paralias zi 
not useful for perceiving absolute eee 
The probable reason for the negative res’ 


a 
: i: 7 B 5 s for 
previous investigators is that judgment t 


mo- 
reported that they were not aware abs 
tion parallax information. The vigna. pen 
is apparently capable of using, to som rotate 
information added when the head is simila" 
Since the results before training were 


: = acd ~~ 
ee 
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fo s 

erm E m ga conditions, a strongly 
vidin s ground is not essential for pro- 

us the relevant information. 
Ee also demonstrate that 
Eu e use motion parallax information 
result mee a distance estimation. This 
clude oa ids the work of Dees (1966) to in- 
eee in which the visual field 
tis of adeo from active head movement. 
maxima] T that whereas Dees’ Ss achieved 
of each Mop duree after four presentations 
ments perf distance, Ss in the present experi- 
Which hé ie well after only 10 trials in 
ie fe istance was presented more than 
Possibly nae learning in these experiments 
Movement ents an advantage of active head 
head fixed E visual field movement with 
tinproveme t should be emphasized that the 
ing does Abi judgment accuracy after train- 
ception e s necessarily imply that the per- 
ikely. a distance actually improved. It is 
Several 2 confirmed by the questioning of 
Particular that Ss merely learned to relate 
ticular ph smounts of motion parallax to par- 

; nap, i distances. 
Portance r result of interest concerns t 
Specificall a textured background and of 
len di y informing Ss about motion parallax. 
Perform ye informed prior to training, Ss 
ground ed similarly regardless of the back- 
tion wit Apparently, only minimal differentia- 
Sateo hin the background is necessary when 
ax infe onsciously responding to motion paral- 
Ured Kanatan: On the other hand, a tex- 
E led to more accurate per- 
Gi when Ss were not informed of the 

€ of motion parallax. 

rainne p^ important practical limitation to 
Dez. m to use motion parallax based on 
backgrou ative to a background. „Unless the 
und is always located at infinity, as 


Was 

Unle the case in Dees’ (1966) experiment, or 
SS the finite distance of the background is 
and II, the 


roeanently fixed, as in Exp. I t 
sin. scaling of motion parallax as a. function 
i me ais distance will vary with differences 
Ber tance of the background. Conse- 
with Pe training in the use of motion parallax 

à particular background distance is prob- 


he im- 
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ably of limited practical value. This limitation 
was the reason for examining the use of a near 
reference object in Exp. III. An S can always 
place a near object, such as an outstretched 
finger, in front of him. Since Ss successfully 
used motion parallax with a near reference, 
the practical limitation of depending on a 
background can be eliminated. 
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INTERFERENCE IN SHORT-TERM MOTOR MEMORY: 
- 7 > ^ ^p 7 Y? 1 
INTERPOLATED TASK DIFFICULTY, SIMILARITY, OR ACTIVIT 


BARRY H. KANTOWITZ? 


Purdue University 


Four experiments were conducted to evaluate effects of peer chp ee 
tasks upon retention on a discrete motor movement guided y both kinest hetic 
and visual-plus-kinesthetic cues. When a paced information conservation 
interpolated task with two levels of information Bansmitted per unit pu 
(2.3 and 10 bits/sec) was used, no effect of interpolated task difficulty was 
found for either kinesthetic or visual modalities with either absolute or algebraic 
error as the dependent variable (Exp. I and 11). When the relative similarity 
of interpolated and retention tasks was varied (Exp. III), again no effect of 
interpolated task difficulty was obtained, although decrements were observed 


relative to a rest control condition. 


When an unpaced interpolated task 
having no accuracy requirements was used (Exp. IV), decremer 


Observed. These results fail to support 


nts were again 


a limited capacity channel model of 
short-term memory even when the mod. 


tances. Results also yield only weak support for 


proposed by R. L. Pepper and L. 


Interest in the effects of interpolated 
activity upon retention of a discrete 
kinesthetic movement has increased since 
Adams and Dijkstra (1966) offered a 


trace decay theory of short-term motor 
memory (STMM). Several experiments 
haveattempted to demonstrate interference 
effects in STMM with varied results. 


Earlier studies were unable to demonstrate 
interference effects (Posner, 1967 ; Posner & 
Konick, 1966), but more recent studies, 
(Ascoli & Schmidt, 1969; Craft 
1971; Herman & Bailey, 
Herman, 1970; Stel 
Williams, Be. 
have shown 
interpolated 
used. 


Broadbent's (1958) model of 
capacity channel has played 
in much of this research, 
ee 


& Hinrichs, 
1970; Pepper & 
mach & Wilson, 1970; 
‘aver, Spence, & Rundel, 1969) 
decrements in recall when an 
motor or verbal task was 


a limited 
à central role 
A limited capacity 
1 This research w. 
grants from the P 
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idlak in collecti 
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article. 
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cl is limited to small movement dis- 
à trace interaction model as 


M. Herman in 1970, 


channel model of the rehearsal process 
permits rehearsal only at the cost d 
available channel capacity. If the informe 
tion to be retained is encoded so that 
than full channel capacity is required fo 
rehearsal, the limited channel model Re 
dicts no forgetting during the storage phase. 
A basic postulate of the limited capacity 
channel model is the additivity of informa- 
tion. If an interpolated task is a nag A 
the channel capacity used to perform le 
interpolated task is no longer available fo 
processing information that is to be retaine 
(memory information). Thus in order for 
memory information to be correctly e 
tained the sum of information per ec 
time required for both memory and ME 
polated tasks cannot exceed channel i 
pacity. If this sum is greater than chan fa 
Capacity, decrements will be "rmn 
either the memory task, the interpo con- 
task, or both. However, if Ss are task 
strained to perform the interpolated nent 
at a fixed information rate, the decre! task 
will be observed only in the memory rable 
if error rates are negligible or compa task 
for different levels of interpolated 
difficulty. 

Two studies by Posner TEES sup” 
Posner & Konick, 1966) appeared i since 
port a trace decay theory of ST? 
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no effect n 
Was ode in ep task upon recall 
although n kinesthetic information, 
visual inf Henetenae was demonstrated for 
Were cho 2n mation. The interpolated tasks 
lüformation us provide varying amounts of 
1965). DEN (Posner & Rossman, 
own pace ed, pain were read by S at his 
tion was wri 1e appropriate transforma- 
pair. H yrreten by S under each digit 
Polated “ie ap such a self-paced inter- 
limited ve is not an adequate test of a 
Polated ir pis model since the inter- 
Whereas c] ipis specified in terms of bits, 
bits per lannel capacity is measured in 
a self- unit time (Broadbent, 1965). In 
fewer 1c mode, Ss typically perform 
ormation 1e more difficult interpolated in- 
1965), lca (Posner & Rossman, 
(bits/sec) ence, actual channel capacity 
interpolat ee in processing the different 
may law Es tasks in the two Posner studies 
William een quite similar. 
Paced inis. et al. (1969) also used an un- 
of inter i i task and found no effect 
Their E ated task difficulty upon recall. 
Cordin interpolated tasks were rest, re- 
involved and addition. The recording task 
the additie information reduction, while 
n ornat task supposedly involved an 
move ion reduction of 1.86 bits per pair 
Sabah based upon the number and 
iis As of the set of pairs presented. 
Complete of the information metric is in- 
the ing € since it fails to take into account 
System ormation generated by the motor 
Ments (Fi performing the indicated move- 
e itts, 1954). Thus, it is not sur- 


Pris 
inten® that over the 30-sec. retention 
Tval no differences were found be- 
lated 


v 
ined recording and addition interpo 
Breate However, this error wé s significantly 
Polated than the error for the rest inter- 
Interfer, condition. Thus, 1t appears that 
fletoret, effects in STMM can be 
Motor Doe when the interpolated and 
the ca basics are extremely similar, as was 
a in the Williams et al. study. 
icts iate limited capacity model pre- 
o I T ve: effects that are related 
Willia k difficulty (in bits/sec). The 
tiae. RE al. experiment did not ade- 
y test a task difficulty dimension 
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since the interpolated tasks were unpaced 
and unrelated to information generated by 
the motor system. 

Stelmach and Wilson (1970) used inter- 
polated tasks of rest and addition similar 
to those of Williams et al., but their addi- 
tion interpolated task was paced at a rate 
of three movements every 5 sec. Over a 
20-sec. retention interval, absolute recall 
error was significantly higher for the paced 
addition task as compared to the rest 
condition. Furthermore, in accordance 
with findings of Posner and Keele (1969) 
interpolated activity had a greater effect 
on shorter retention movements. While 
use of a paced interpolated task is a great 
improvement over previous research, the 
locus of interference effects is still un- 
resolved. Since the interpolated task was 
extremely similar to the retention task and 
was unrelated to information generated by 
the motor system, it is unclear that task 
difficulty rather than similarity accounts 
for interference effects as predicted by a 
limited capacity model. Furthermore, only 
one level of information reduction, other 
than a rest condition, was incorporated. 
Since performing no interpolated task is 
qualitatively different from performing 


some interpolated task, a more adequate 
incorporate at 


experimental design should 

least two levels of interpolated task dif- 
ficulty in addition to a rest control condi- 
tion. Stelmach and Bruce (1970) did use 
two paced interpolated tasks other than 
rest: addition and mimicking, which re- 
quired S to duplicate pairs of angles. 
With absolute error as the dependent 
variable, no difference was obtained be- 
tween addition and mimicking conditions, 
although both conditions revealed greater 
error than the rest condition. With 
algebraic error as the dependent variable, 
only the addition task differed from the 
rest condition, exhibiting greater overshoot 
error. However, it is unclear that com- 
parisons between addition and mimicking 
conditions are not related to the additional 
movement required in the addition task 
than the (possibly) greater dif- 
f the addition task; limitations of 
already been noted. 


rather 
ficulty o 
the addition task have 
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Other studies which varied interpolated 
task similarity by having Ss generate 
either a movement (Ascoli & Schmidt, 
1969; Craft & Hinrichs, 1971) or a force 
(Herman & Bailey, 1970; Pepper & Her- 
man, 1970) of a different extent. than the 
memory information, but otherwise, quali- 
tatively identical to the retention task, also 
have found interference effects related to 
task similarity, although the dimension of 
task difficulty remained untested in these 
studies. : 
However, while extreme similarity be- 
tween interpolated and retention tasks may 
be a sufficient condition for STMM inter- 
ference effects, it is not a necessary condi- 
tion. Pepper and Herman (1970) and 


Herman and Bailey (1970) were able to 
demonstrate interference effects with a 


verbal interpolated task which required Ss 
to count backwards by three’s, Further- 
more, Pepper and Herman reanalyzed data 
obtained by Posner (1967) and were able 
to show a pronounced effect of digit clas- 
sification as compared with a rest control 
condition. Again the dimension of task 
difficulty was not tested. Both Herman 
Studies used only one level of the verbal 
interpolated task, e.g., counting by three's, 


Whereas at least two levels are needed to 
investigate task difficulty. 


Thus, no study to date has a 
tested interpolated task diffic 


(1958) 
as often been 
h. The present 
urther localize 
n STMM by using two 
tasks which, although 
ffer in similarity to the 
One interpolated task re- 
and forth between two 


paced interpolated 
both motor tasks, di 
retention task, 
quires tap 
t 


2 ance between 
plates (Fitts, 1954). The similar inter- 
polated task requires sliding, rather than 
tapping, between two targets; again in- 
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i i is 
formation generated per unit of vc 
easily determined. In addition to a 


S ug ogee M in- 
condition, two levels of diffculty are 
vestigated in each case. 


EXPERIMENT I 
Method 


Subjects.—The Ss were 96 undergraduate biden 
who participated to fulfill course réquitemen | 
introductory psychology. All Ss were right-han PT 
Half of the Ss were males and half females. Eac 
S experienced all experimental conditions. sat 

A pparatus.—The device used was similar to pie 
of Adams and Dijkstra (1966). A slide and st A 
were mounted on a concealed rod. Following on 
of a signal light, S moved the slide until his progie 
was arrested by the stop, thus defining the distan 
to be retained. The slide was hydraulically ceamar 
to its starting position where it was released by d 
the gas-operated return was used to ensure bue 
return times for all conditions. A large “bib nee 
placed around S's neck to prevent any visual cues 
such as arm position, from being used. 2 

The interpolated tapping task was paced ge 
metronome at a rate of two taps per second. E 
pairs of targets were used. The target pair use E 
the Low information rate interpolated task REN 
sisted of two 2-in. (5.08-cm.)-width plates Rea. 
by an edge-to-edge distance of iin. (.64 LiT 
this combination yielded an index of difficulty of BN 
bits (Fitts, 1954). The target pair used in the Hig 
information rate interpolated task consisted of two 
iin. (1.27-cm.) plates separated by an edge-to-edge 
distance of 7% in. (19,05 cm.), yielding an index "d 
difficulty of 5 bits, Since movements were per 
formed at a 2/sec rate, these target pairs yn 
information transmission rates of 2.3 bits/sec AO 
and 10 bits/sec (High) if performance was withou 


" T er^ 

error. Tapping errors (e.g., undershoots and ove 

shoots) were electrically recorded, 
Procedure.—A const 


sec. was used in 


05; ap^ 
practice until their error rate was below ian to 
of practice was sme all 
attain this criterion. Information rate was E , the 
counterbalanced with half of the Ss starting is con 
H task and half with the L task. Each. ae (i.e 
sisted of 10 trials with movement Bp 
retention distances) of from 15 to 24 zw pur 
Steps; amplitude was sampled randomly 


NUS 
hout 


T RR 
e ORA 
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Teplaceme 
acement f, 
nt for each block. Thus, each S experi 


e $ 
nced eight 10-trial blocks. 
Resulis 


Bo i 
ee ee and absolute mean recall 
errors, a em in Table 1. For algebraic 
Shoot un i sign indicates an over- 
Shoot Sinn, and a negative sign an under- 
algebraic - Analyses of variance for 
effects of ils revealed highly significant 
7 16.66, » ed kcu amplitude, 7 (9, 792) 
ment amplit d 01; the two shortest move- 
Which char = es revealed undershooting 
overshooting ax EO progressively greater 
highly g as amplitude increased. A 


= 14, 

period « .001, revealed that Ss who 
DY the H : the L tapping task followed 
Siehe had a greater slope than .Ss 
plott d the opposite order when error 
task ordi E as a function of interpolated 

Since inal position. 
Often ins an interaction with order 
transfer AES an undesirable asymmetric 
an addo eet (Poulton & Freeman, 1966), 
vas perf, ional analysis of algebraic error 
ata, q ormed for only the first half of the 
» thus making interpolated task dif- 


fic 
ulty ; isk 
Y à between-S, rather than a within-S, 
TABLE 1 
RECALL ERROR FOR 
HETIC MODALITY 
Activity 
RR RT TR TI 
Both halves combined 
Ow: 9 i 
Hi 3 bits/sec | 2,04 | 2.07 | 2:02 | 1-88 
Bh: 10 pi E316 | +,086 | +-516 | +.225 
its/sec | 192 | 191 | 183 | 195 
4205 | 4-426 | +.374 | 3-312 
Tes First half only 
We 
13:3 p; 
Tigh Shits/see | 1.96 | 209 | 201 | 203 
10 bits i089 | —.165 | 4.274 | +-152 
ga —/se | 190 | 201 | 1-73 1.97 
4-992 | £.139 | +-370 | +.404 
193 | 2.05 | 1.90 | 2.01 
E 4067| —.013 | 4-322 | +-278 
No - 
e dE | ur (ees 


ae 
fan | Tor is 
is given Measured in centimeters. 
or first-half-only data. 
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variable. Effects of amplitude were again 
highly significant, F (9, 792) = 4.79, p < 
.001; effects of activity were also sig- 
nificant, F (3, 264) = 3.07, p < .05. Com- 
parisons between Cond. RR and TR, £ 
(264) = 1.96, and RR and TT, # (264) 
= 1.62, both ps > .05, approached sig- 
nificance; comparisons between Cond. TR 
and RT, ¢ (264) = 2.57, p < .02, and RT 
versus TT, ¢ (264) = 2.23, p < .05, were 
significant. Effects of interpolated task 
difficulty, although showing greater over- 
shoot for the H interpolated task (+.284 
cm. vs. + .043 cm.), were not significant, 
F (1, 88) =.97. Similar analysis of 
absolute recall error found no effects which 
were significant at the .05 level for either 
first half only or both halves combined. 
Thus, Exp. I fails to demonstrate any 
decrement in retention due to interpolated 
task difficulty. Error rates in both inter- 
polated tasks were below 2% so that this 
finding cannot be attributed to less in- 
formation generated in the H task. Both 
tapping tasks were paced at the same rate 
so that transmitted information was greater 
for the H task since Ss could not slow down 
their rate of tapping as in a self-paced task. 
Interpolated tapping did cause increased 
overshooting when tapping was performed 
for the first 10 sec. of the delay interval 
contrasted with a slight undershooting 
when tapping was performed for the last 


10 sec. of the 20-sec. delay interval. 


EXPERIMENT ll 


Experiment H investigates recall error 
when visual cues are available in addition 
to the kinesthetic cues used in Exp. 
Posner (1967), using a lever-positioning 
task, found interference effects in visual 
STMM but not in kinesthetic STMM. 
This is an important finding since it sug- 
gests that visual information can be main- 
tained by rehearsal, while kinesthetic in- 
formation cannot. Although this finding 
might also suggest visual STMM to be 
more interesting 


than kinesthetic STMM, 
later studies have focused exclusively upon 
TMM so that the amount of 


kinesthetic S 
required to 


central processing ca pacity 


2. 


e 
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rehearse visual coding has yet to be 
ablished. 

E us basis of two studies (Posner, 
1967; Posner & Konick, 1966), Posner 
agrees with Adams and Dijkstra (1966) 
that kinesthetic information is coded non- 
verbally. Posner also maintains that such 
is the case for visual information as well. 
However, since visual information led to 
improvement over the unfilled retention 
interval for the visual location condition 
(Posner, 1967), a verbal code cannot be 
rejected. — Posner's conclusion regarding 
the storage code for visual information is 
thus based upon the introspective reports 
of his Ss, 

Better estimates of the 
central Processing capacity 
visual rehearsal and of the 
visual storage code can be 


using two levels 
ficulty in 


amount of 
needed for 
nature of a 
achieved by 
of interpolated task dif- 
addition to rest. The present 
experiment improves upon Posner's earlier 
(1967) methodology by using two paced 
interpolated tasks in place of Posner's un- 
paced digit classification task ; furthermore, 
the present study also scored performance 
on the interpolated tasks to ensure that the 
tasks were performed accurately. 


Method 


Method and procedure were similar to th. 
Exp. I, except that the cover and bib which pre- 
vented seeing the rod and slider were removed. 
The cover was replaced by a chees cloth screen 
which permitted § to see both his hand and the rod. 
This screen was used because preliminary pilot 
work (Kantowitz, 1969) indicated that the small 
scratch marks caused by moving the slide were 
potent visual cues which were obviated by inclusion 
of the screen. The Ss were 72 male undergraduates 
from the same Population as those in Exp. I. 


Other procedural details were identical to those of 
Exp I. 


at in 


Results 


Both algebraic and absolute recall errors 
are given in Table 2, For algebraic error 
effects of amplitude, F (9, 630) = 3.02, 


P < .01, and order (LH vs, HL), F (1, 70) 
= 6.22, < .05 


¢ » Were significant; the inter- 
action of order and interpolated task dif- 
ficulty was not significant, F (1,70) = TUE, 
P 2.05. No other main effects or inter- 
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TABLE 2 


EAN RE ERROR FOR VISUAL 
Me THETIC MODALITY p 
| Activity 
Interpolated task 
Me liBiculty = | = | oa | TT 
i 5| .935| .999| 1.056 
Low: 2.3 bits/sec E ey ae +18 
High: 10 bits/sec | .821| 1.025] 978 3 
High: 10 bits/sec NUN MS m. 
X 823| .980| .988| 225 
! +1286 | 4-248 | +.357 | +.2 


F (9, 630) — 
significant. 


3.38, both ps < .01, 70) 
Effects of order, p G, E. 
2.29, and its interaction with X: 0, 
polated task difficulty, P (1, 70) < T 
failed to reach the .05 level of significat * 
Error was a shallow U-shaped iu mp 
amplitude with greatest error at the zi 
largest amplitudes. Condition RR ne 
significantly smaller error than any of is 
three remaining activity conditions, | 


(210) > 3.14, p <.01; Cond, RT, TR 
and TT did not diff 


er, is (210) < 1.0. sce 
As was the case with Exp. I, no evider 
for rec 


aa 

all decrements caused by difficuli 
of the interpolated task was found. ` id 
absolute error as the dependent loup a 
à rest condition showed smaller error i 
any tapping condition. While these since 
o replicate Posner's (1967) findings olute 
an interpolated task increased nie 
error, they do not support his cone = - 
that rehearsal of visual information Ate 
pendent upon available central Pee ect? of 
capacity; if such were the case, id have 
interpolated task difficulty shou 
been detected. 


EXPERIMENT III 


d po 
T ; ave foun? 
he preceding experiments have f 


: ich 18° 
evidence for STMM interference wh 
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function of interpolated task difficulty for 
Vengono or visual + kinesthetic 
renee a lowever, while an interpolated 
ditional was used, it is possible to use an 
vem a interpolated motor task which 
if ee similar to the retention task. 
tie dm e effects are due to more than 
m EIE interpolation of some interven- 
this ees M regardless of the difficulty of 
Hon GR or its similarity to the reten- 
Fonica] , '" least two hypotheses may be 
Mes cg x : (a) Increased error should be 
Pbláted m with the more similar inter- 
roe hag similarity governs inter- 
nate ie PMM. : Thus, a significant 
ior oe of similarity is predicted. (b) 
model o retain a limited capacity channel 
» rud sonie effect of task difficulty need 
one In light of the previous 
is eee it may be that task difficulty 
hlxiec Wve only for highly similar inter- 
osea This hypothesis predicts an 
simila ‘tion between task difficulty and task 
arity, 


Method 


Subj e 
D bjects, —' The Ss were 96 undergraduate students 


x lo ici . . 
intro he tieipated to fulfill course requirements 1n 
Males uctory psychology. All Ss were right-handed 


A z 
„< Dbaratus.—A slide to which a pointer was affixed 


Was 

Sir > ^ 

Slo, "ounted on a concealed horizontal rod. Targets 
information 
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vious experiments. This new apparatus was used 
for the similar interpolated task conditions. The 
remainder of the apparatus was that used in the 
previous experiments. 

Procedure.—One group of 48 Ss was assigned to 
the kinesthetic modality and a bib was used as in 
Exp. I. „The two remaining groups of 24 Ss each 
were assigned to either the visual modality as in 
Exp. II or to a kinesthetic condition with no bib 
being used to minimize visual cues (KNB). A 
constant retention interval of 20 sec. was used as in 
Exp. I and Il. However, this interval was not 
bifurcated. All Ss underwent all factorial combina- 
tions of two levels of interpolated task similarity 
(tapping and sliding) with two levels of interpolated 
task difficulty (Low and High as in previous experi- 
All 24 orders of the four conditions were 


ments). 
used with 2 Ss within each order for the kinesthetic 
condition. In addition, a 20-sec. rest condition oc- 


curred as the middle block of trials for all Ss; con- 
trary to the previous experiments, Ss were not 
allowed to disengage by removing their hand from 
the slide during the rest period. Other details of 
procedure were identical with those of the previous 


experiments. 


Results 
Both algebraic and absolute mean recall 
errors are given in Table 3. Separate 
analyses of variance for the three groups 
failed to reveal significant effects at the 
.05 level for task difficulty, task similarity, 
or blocks, or their interactions for either 
dependent variable when the rest control 
condition was omitted from the analysis. 
f the two hypotheses 


Hence, neither o 
above was supported. When 


ci 
ener under the pointer controlled 
eter as the slide was moved back and forth formulated 
en = s d 3 el eua H 
electrically e ds targets. Overshoot, error T due three additional analyses of variance were 
5 ‘ally recorded ¢ s s were ob- ; sei i 
s ved by p nate ündérshgor ee ati conducted with the rest condition in- 
SPacir . Targets were matched in width and E d s 
"E to targets used in the tapping task of pre- cluded, effects of interpolated activity 
TABLE 3 
MEAN ABSOLUTE AND ALGEBRAIC RECALL ERROR 


Interpolated activity 


Srous Tapping Sliding 
Rest 
Ri 
_ esthetic 175 (47) | 234 
Sug 4-29 (227) | +.07 
ken Kinesthetie | _ 62 (6D 112 
Ng 4.32 (.81) 4:32 
120 (1.10) 177 
PR s +14 (1162) | —-09 
my, N 
Pup A Z Error is measured in centi 


4 for both the Visual + Kines 


ae. 


E 
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were significant for absolute error for 
kinesthetic, F (4, 96) = 5.48, p < .001, 
visual, F (4, 92) = 7.74, p < .001, and 
KNB, F (4, 92) = 4.92, p < .01, condi- 
tions; the effect of blocks was significant 
only for the kinesthetic condition, F (4, 96) 
— 5.48, p « .001. Three similar analyses 
of variance for algebraic error found no 
main effect other than blocks, F (4, 96) 
= 4.76, p < .01, to reach the .05 level of 
significance. Thus, Exp. III replicates and 
extends the findings of the two preceding 
experiments in that interference effects 
were unrelated to interpolated task dif- 
ficulty. The improved recall in the present 
rest condition can be attributed to the re- 
quirement that Ss do not disengage the 
slide during the retention interval. 

Of interest, however, is an unexpected 
significant Task Difficulty X Movement 
Amplitude interaction, F (9, 216) — 3.05, 
p < .01. Except at the shortest movement 
amplitude, the two interpolated task dif- 
ficulties exhibit a crude mirror symmetry 
when plotted, with each overshoot error 
being balanced by a slightly smaller un- 
dershoot error. While the finding of 
greater overshoot error for the more dif- 
ficult interpolated task and shortest move- 
ment amplitudes is in agreement with 
Posner and Keele (1969), an even greater 
difference is found for distances of 20 and 
21 cm., and greater overshoot is associated 
with the less difficult interpolated task for 
three movement amplitudes. Thus, on 

balance these data do not support a limited 
channel model which is valid for o: 


nly short 
retention movements. 


ExPERIMENT IV 


The preceding experiments have failed 
to demonstrate interference effects which 
are related to the 


re difficulty or qualitative 
similarity of the interpolated task. How- 
ever, effects of interpolated activity were 
found Since retention generally proved 
superior for a rest condition during which 
no interpolated activity need be performed. 
The present experiment attempts to demon- 
strate that eve 


ite n the simplest interpolated 
activity, €.8., one that has neither accuracy 
nor pacing requirements, will c 


ause inter- 
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ference effects relative to a rest ontui 
condition. The interpolated task chorr 
is roughly comparable to inten’ 
tasks used by Williams et al. (1969) 
it involves repeated movements of um 
slide; however, the present study does no 
claim to vary information. 


Method. 


Twenty-four male undergraduates were assign 
to each of three conditions. In the Kinesthe s L 
condition the apparatus was arranged as in Exp. it 
In the two Visual + Kinesthetic (V) conditions 
was arranged as in Exp. IL. In the standar T. 
condition, Ss always faced the slide and rod du 
the 20-sec. delay interval, even when performing A) 
interpolated task. In the Visual Look-Away (V ing 
condition, 5s did not view the slide and rod dur! 
the delay interval. x Jide 

The interpolated task involved moving the The 
back and forth in some haphazard manner. hey 
Ss were free to wave the slide about in any way t a 
chose. The same four activity conditions were RACE 
used: RR, RT, TR, and TT, where T now indic 
haphazard movement of the slide rather than pa cra 
tapping as before. Other procedural details vaa 
identical to those of Exp. I and II; eg., 58 W 
allowed to disengage from the slide. 


Results 


Mean absolute and algebraic errors P 
the three conditions are given in Tabie m 
For the K group with absolute error as th 
dependent variable, effects of activity Nod 
significant, F (3, 69) = 4.61, p < .01. Com 
ditions RR and RT did not differ Sig 
nificantly, ¢ (69) = 1.76, p > .05, but R 
did differ significantly from TR, ! 0 
= 2.21, p < .05, and TT, ¢ (69) = af cd 
b «.001. No other differences em 
the .05 level of significance. With algen: of 
error as the dependent variable, effec 


TABLE 4 — 
Activity Errects ON Mran RECALL ERR 


Activity 
Group ee 
RR RT TR T 
2.24 
ines i .50 1.89 1.99 712 
Kinesthetic LE E ions M. 
Visual 4- ‘004| 1.09. | 1. ds 
Kinesthetic +.463 | +.477 eae? 158, 
/LA 1.01 128 | 109,| 4.3 
à 4-436 | --455 | +15 


Note:—Error is measured in centimeters. 
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BU wea agan significant, Tr 
t (69) br gx Only Cond. RR and TT, 
t (69) = 5 oy p< 001, and RT and TT, 
ps Praed « .05, differed significantly 
the Nee V group with absolute error as 
activit pendent variable effects of both 
amplitac F (3, 69) = 2.82, p < .05, and 
Sera? Gall) = 10, p x rae 
üecant, Condition RR did not differ 
ing ea y from any of the three remain- 
ond age) ts (69) < 1.99, p > .05, but 
Cond. TR did differ significantly from 
t (69) = E (69) = 2.05, p < .05, and RT, 
Condition Me p < .02. Since Ss in this 
le decre. always viewed the slide and rod, 
= eat pai error may indicate an overt 
feedback process maintained by visual 
slightly i Effects of amplitude revealed 
ith A error for shorter amplitudes. 
Variable gebraic error as the dependent 
(9, 207)" only effects of amplitude, F 
These = 3.01, p < .01, were significant. 
Bude nn moderate overshoot at the 
Oversh t amplitude (+ -33 cm), increased 
tudes ku at the next three largest ampli- 
amplit ollowed by decreasing overshoot as 
"S Itude increased. 
E the VLA group with absolute error 
Activity dependent variable, effects of 
amplit' F (3, 69) = 8.21, p < .001, and 
signif ude, F (9, 207) = 2.34, p < -05, were 
Sipnigc nt Condition RR did not differ 
b cantly from Cond. RT, ¢ (69) = 1.98, 
n (69) -05, but did differ from Cond. TR, 
— 4.30, and TT, / (69) — 4.12, both 
OI a Condition RT also differed 
ond. TR, £ (69) = 2.82, $ < .05, 


and m 
a TT, ¢ (69) = 2.14, p < .05. Amplitude 
ets for the three 


as 


t S dependent variable, only 
2 iplitude interaction, F 
RR da « .01, was significant. Condition 
BI characterized by a large overshoot 
this w cm.) at the two greatest amplitudes; 
tions TR also true for Cond. RT. Condi- 
“ndersho and TT, however, exhibited either 
o Sie very small overshoots at the 

luis amplitudes. 
emonstr. ee present experiment clearly 
ates interference effects in both 
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visual and kinesthetic modalities which are 
related only to the activity inherent in the 
interpolated task. 


GENERAL DISCUSSION 


The present experiments demonstrate that 
production of a motor response can be in- 
fluenced by a variety of motor interpolated 
tasks. This finding holds for both paced and 
unpaced tasks. Furthermore, these effects are 
unrelated to the qualitative similarity of the 
interpolated motor task relative to the pro- 
duction task. Finally, the amount of informa- 
n transmitted per unit time in a conserva- 
passing a range of 2.3 to 10 
flect retention of a motor 


tior 
tion task encom 
bits/sec does not a 
item. 

The present expe 
a limited capacity 
For both kinesthetic 
modalities difficulty of the 
did not affect either absolute o 
recall error. Recent experiments 
Keele, 1969; Stelmach & Wilson, 1970) have 
proposed a modified channel capacity model 
whereby only short movement amplitudes re- 
quired channel capacity. The range of ampli- 
tudes used in the present studies qualify as 
short to medium when compared with prior 
studies (e.g. Adams & Dijkstra, 1966; 
Williams et al., 1969). Nevertheless, no inter- 
action between amplitude and interpolated 
task difficulty was found for either modality 
for Exp. I and Il. Inspection of the data of 
Exp. I and II revealed no evidence for any 
effect of interpolated task difficulty at even 
the shortest movement amplitudes. The 
interaction found in Exp. III was too complex 
to be consistent with this modified channel 
capacity model. Since both the Posner and 
Keele and Stelmach and Wilson studies used 
only one level of interpolated task, other than 
rest, their conclusions seem premature at best. 
Three possible explanations might be used to 
resolve this discrepancy. The present study 
used a linear positioning task as compared to 
the lever positioning task used by Posner and 
e as well as by Stelmach and Wilson. 
However, since effects of delay are comparable 
between the two kinds of positioning task 
(Kantowitz, 1969) and since both are discrete 
positioning tasks, it seems unlikely that this 
rocedural difference can account for the two 
differing sets of results. 

A second alternative is 
een interpolated tasks: informati 


riments offer no support for 
channel model of STMM. 
and visual + kinesthetic 
interpolated task 
r algebraic 
(Posner & 


Keel 


the difference be- 
on reduc- 


tw 


s 
272 


tion versus conservation. However, until at 
least two levels of information E ere 
incorporated into the same memo ni a 2 
logically impossible to evaluate possible e ec " 
wt information reduction which are indee 
related to the difficulty per se of BUE utet 
polated task, rather than to the qualitative 
difference between no information reduction 
and some information reduction. Schmidt and 
Ascoli (1970) have compared effects of a con- 
versation task (counting forward by one's) 
and a reduction task (counting backwards by 
three's) in a proactive inhibition paradigm 
and found significantly greater absolute error 
for the reduction task. However, it would be 
dangerous to extrapolate this finding to retro- 
active inhibition paradigms, especially since 
Herman and Bailey (1970) found different 
proactive and retroactive effects in STMM. 

A third explanation, suggested by the 
reviewer, concerns the attention demands of 
the interpolated tapping task. If the move- 
ment is automated, i.e., can be performed with- 
out requiring any attention, then no decrement 
would be expected in the memory task 
(Posner & Keele, 1969). This criticism merits 
discussion and can be approached on both 
logical (operational) and empirical grounds. 
By definition, the limited channel model de- 
mands an upper bound upon rate of trans- 
mitted information (Broadbent, 1965). Since 
the interpolated task generated rates of infor- 
mation flow it satisfies, a priori, the require- 
ments necessary for test of a limited capacity 
model. An explanation of the present ‘‘all- 
or-none" findings based upon defining the 
interpolated task as highly automated renders 
the limited channel model exempt from this 
test only at the cost of limiting the generality 
of the model. The interpolated tapping task 
generates information and requires time. Re- 
jecting the interpolated task implies that it is 
no longer sufficient to specify the information 
transmission rates of an interpolated task in 
terms of observable and measurable bits/sec 
Since these (externally) determined informa- 
tion rates may not be monotonically related to 


the (unobservable) information rate within the 
limited channel itself. If the psychological 
(i.e., limited channel) demands of the inter- 
polated task cannot be monotonically related 
to the measurable external task demands, it be- 
comes exceedingly difficult to test the limited 
channel model; this renders the model less at- 
tractive. On empirical grounds, this investiga- 
tor is unaware of any study which directly tests 
the hypothesis that the Fitts Law tapping task 
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is highly automated. Most studies of düal-task 
performance have found a considerable degra 
of practice necessary before a task can E. 
sufficiently automated to be combined wt 
a second task without degrading puris 
(e.g, Herman, 1965). The present stut hs 
used roughly 4 min. of tapping practice P 
to the experiment proper. Nevertheless, t ee 
possibility cannot be rejected without empirica! 
efforts, and further research utilizing the tap 
ping task within a dual-task set is currently 19 
progress. ] 
Since the limited channel model cannot €** 
plain the present findings, it is appropriate 
“to examine alternative models. One recen 
model has been proposed by Pepper and Her- 
man (1970). Only that portion of their mode! 
dealing with effects of interpolated activity 
will be discussed. Pepper and Herman sus” 
gested two major mechanisms to account for 
effects of interpolated task in STMM. Whe? 
the interpolated task is qualitatively identic? 
to the retention task (e.g., Craft and Hinrichs; 
1971; Pepper and Herman 1970), the resultant 
STMM trace is a weighted mean of inter 
polated and original traces. However, bd 
interpolated tasks which are not motor tasks 
related to the retention task (e.g, counting 
backwards), a muscle tension mechanis™ 
comes into prominence. The Pepper-Herman 
model is not sufficiently articulated to allow 
determining the relative effects of these tW° 
mechanisms in the present situation, Never 
theless, predictions can be made for each of 
the two mechanisms considered separately: 
The first mechanism would be sensitive to p 
extent of movement during the interpolatec 
task ; furthermore, effects of movement extent 
should be more pronounced in the sliding, 
rather than the tapping interpolated boe 
since the sliding task is qualitatively simila 
to the retention task. Movement extent © 
the H interpolated task was approximate 4 
19 cm., while movement extent for the Pi 
interpolated task was approximately 5 T 
Since retention extents varied over a rang? t 
15 to 24 cm., the greater discrepancy in enga 
between retention and L movements vere 
retention and H movements leads to à Peter” 
tion of greater undershoot for the L "né 
polated task. Such an outcome was Dd the 
only for Group KNB of Exp. If, bu 


3 This research has been completed icd 
that the tapping task cannot be com » crt 
another task without a decrement 1 per iet 
on the other task. Thus the tapping s 
demand attention. 


| 
| 
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findi i ARS 
o dm d statistically reliable. Perhaps 
Ferias : pi muscle tension mechanism is 
venk a that trace interaction is relatively 
AE mis ponant in final response production. 
aon tg ns mechanism acts to aug- 
Tu te oe caf a motor item as muscle 
Cote: a Lema ue It is reasonable to asso- 
with the : er evel of general muscle tension 
mn e nore difficult H interpolated task 
Nena wie with the L interpolated task; 
fas ih ignem overshoot would be predicted 
eed erus While some evidence for this 
fas zai Ww ae obtained (Tables 1, 2, and 3), 
significant idee T reliable. The lack of 
the large effects of task difficulty, despite 
against E, RM of observations, argues 
it is funk muscle tension hypothesis unless 
rises quite -€—— that muscle tension 
activity is RD ly to asymptote as interpolated 
value of = ye If so, the explanatory 
anism is e hy pothetical muscle tension mech- 
s diminished as the reciprocal of the 


Muscel 

cle ; VE f s š 
cle tension activity function, since rapid 
muscle tension 


attair 

EAN rrt of asymptotic 

le des a graded effect of the mechanism ; 
differentially 


+ Muse : 
» Muscle tension then operates 
ctivity so that an 


is operative. 
anism to ex- 
of the 


only 
Hag ener a small range of acti 
"hus P es trace augmentation 
p ain p AR inability of either mechani: 
DS data limits the generality 
The perman model. 4 
Some ME Lao pes (197 
interes. iculty in accounting | 3 
in ibi m interval (IRI) in retroactive 
oe Herman and Bailey (1970) found 
than A IRI to produce more interference 
Motor 4- IRI. This was explained for 
a the first (trace 


inte 

racti $ 3 i 

Ction) mechanism with the assumption 
ional 


o i, 1€ weight of 
Te isana in time from t 
Subject ond (muscle tension) 
ual Je, to trace decay effects in t 
bo on of muscle tension aroused by inter- 
hus OMA d is assumed to decay over time. 
us Oe longer IRIs when the interpolated 
the aoe pala closer to the retention test, 
than Ael of muscle tension should be higher 
lon Er short IRIs, where muscle tension has 
Can d. period before the retention test and 
Been decay to a lower level. The present 
3 nurus varied. IRI by dichotomizing the 
Or in on interv ; i.e. conditions which called 
isk mediate initiation of the interpolated 
(e.g., TR, TT) utilized an IRI of 0 sec» 


0) model also has 
for effects of 


Whi 
n Cond. RT used an IRI of 10 sec. Hence, 
man's model (Herman & Bailey, 1970) 
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predicts greater overshoot for Cond. RT rela- 
tive to Cond. TR. Significantly greater over- 
shoot was obtained (Exp. I) for Cond. TR 
relative to Cond. RT, an outcome which con- 
tradicts the data and explanation given by 
Herman and Bailey. However, no effect of 
IRI was obtained when both visual and kines- 
thetic information was used (Exp. 11). When 
an unpaced motor interpolated task was used 
(Exp. IV), the IRI variable influenced only 
condition VLA with algebraic error as the de- 
pendent variable. Again, the absence of an 
IRI effect in the Kinesthetic condition contra- 
dicts findings of Herman and Bailey.* 

Given the differences in results when the 
present studies are compared to the earlier 
studies conducted by Herman (Herman 
Bailey, 1970; Pepper & Herman, 1970), addi- 
tional theorizing seems hazardous at this point. 
1t is, however, clear that the qualitative relation 
between retention and interpolated tasks in 
STMM needs further investigation. A trace 
interaction model may hold only for interpo- 
lated tasks which are subsets of the retention 
task. For the kinds of interpolated motor tasks 
investigated in the present experiments, neither 
a trace interaction nora limited capacity model 
appear viable; similarly a muscle tension expla- 
nation as suggested by Pepper and Herman 
may not be able to explain IRI effects without 
additional emendation. 

4 Įn a personal cor 
L. M. Herman has suggeste 


of his theory. In Herman's 
criterion force was always followed in the short IRI 


condition by a 3-4 sec. unfilled interval before the 
initiation of the criterion force. The present experi- 
ments required immediate initiation of tapping in 
Cond. TR. Thus, the immediate onset of the 


interpolated task in the present experiments may 
have interferred with consolidation of the proprio- 
ceptive trace associated with the initial memory 
task. 


mmunication (January 1972), 
d a possibility in defense 
work, the end of the 
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i A TEST OF ADDITIVITY OF PROCESSING TIME FOR FEATURE 


SENTENCE-PICTURE COMPARISON: 


MATCHING AND NEGATION CODING! 


LESTER E. KRUEGER? 
City College of the City University of New York 


ARUM to T. Trabasso, H. Rollins, and E. Shaughnessy and to W. G. Chase 
a H. H. Clark, when .S decides whether a sentence accurately describes a 
cature of a picture, he performs two independent, serial operations, of which 


contributions to total processing time are additive. The S checks (a) whether 


the sentence representation matches the picture representation on the feature 


and (b) whether a negative is present in the sentence. In the present study, 
S compared a sentence (e.g., IS NORTH, ISN'T NORTH, IS EAST) with the location 
ofa circle. Contrary to the serial model, (a) mean response time (RTT) for true- 
negative sentences was shorter than was predicted based on RT for false 


affirmatives and false negatives, and (6) RT was longer if the features of the 


sentence and circle matched on axis (horizontal, vertical) 
specific direction than if they differed on both ax 


and differed as to 
and specific direction, and 


this axis-match effect was larger if the sentence was negative. The results 
support a model in which feature matching and negation coding are parallel 
operations sharing a limited-capacity central processor. 


TR gone a goat comparison task 
Wheth to decide, as quickly as possible, 
aia, a sentence correctly describes a 
typic " of a picture. Since the sentence 
tive r y can be either affirmative or nega- 
rs E. must consider both the value of the 
Whethe: feature in the sentence and 
Berni the value has been negated. For 
acit e, a picture of a red ball is accurately 
red Tibed by the sentence, The ball is 
Breet and the sentence, The ball is not 
Match, In the first case there is a feature 
the: d between sentence and picture. In 
at econd case there is a feature mismatch 
sent is canceled by a negative in the 
ence, 
nen ccently, Trabasso, Rollins, & Shaugh- 
re Y (1971) and Chase and Clark (in 
a em have independently proposed an 
D lüve model of sentence-picture com- 
Soin according to which the picture an 
tence are each encoded separately, and 
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then their representations are compared 
piece by piece, with each operation at the 
comparison stage adding a separate incre- 
ment to total processing time. The picture 
is assumed to be encoded as an affirmative 
proposition and the sentence, when nega- 
tive, to be represented by the feature plus a 
negative indicator. At the comparison 
stage, there are two independent, serial 
operations: (a) feature matching and (b) 
cancellation of the negative, which is re- 
ferred to as negation coding. A running 
tally of the two operations is kept by S's 
response index, which can take the value 
"true" or "false," and which is initially 
set at true. At the feature-matching sub- 
stage, a feature mismatch between picture 
and sentence takes longer to process than 
a feature match, according to the additive 
model, because a mismatch, but not a 
match, requires the response index to be 
reset) Similarly, at the negation-coding 

3A feature mismatch may cause S to double- 
check and do other things in addition to resetting 
the response index. For simplicity of exposition, 
the time required for these other processes will be 
lumped under that for resetting the response index. 
Further, feature matching may require more than 
one resetting of the response index when the sen- 
tence describes two objects, such as, “plus above 
star” (cf. Chase & Clark, in press). The present 
paper, however, is concerned only with sentences 
that describe a single object. 
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substage, a negative sentence takes longer 
to process than an affirmative sentence 
because a negative requires the response 
index to be reset. In some cases the nega- 
tive may be removed by a transformation 
of the sentence before the comparison stage. 
When the picture is presented before the 
sentence, according to Trabasso et al. 
(1971) and to Chase and Clark (in press), the 
negative is preserved in the representation 
of the sentence. In this case, (a) a false- 
affirmative sentence (eg., “The ball is 
green," with pictured ball being red) takes 
longer than a true-affirmative sentence 
(“The ball is red") because it involves a 
feature mismatch and thus a resetting of 
the response index, (b) a false negative 
("The ball is not red") takes longer than 
the true affirmative because the presence 
of the negative also causes S to reset his 
response index, and (c) a true negative 
takes longest of all because the response 
index must be reset twice, once because of 


a feature mismatch and once because of a 
negative. 


The crucial finding for the additive model 
of Trabasso et al. (1971) and of Chase and 
Clark (in press) is that the mean response 
time (RT) for the true negative has been 
found to be well predicted by the sum of (a) 
the true-affirmative RT, (b) the feature- 
mismatch increment (false-affirmative RT- 
true-affirmative RT), and (c) the negation 
increment (false-negative RT-true-affirma- 
tive RT). The additivity and lack of inter- 
action. for processing time for feature 
matching and negation coding suggest 
that there are two independent processing 
stages (cf. Sternberg, 1969). 

Under certain other, 


less typical cir- 
cumst; 


ances (i.e., the sentence is shown be- 
fore the picture and the 


feature values are 
binary; it also m 
c qu ee T 


ay be necessary for Ss to 
“Even if the negative is no 
tence transformati 
take longer to Process at the e 
as at the comparison stage. 
position, the extra time required for encoding is 
lumped under that for resetting the response index. 
The key notion of the additive model does not 
concern where negation is handled, but that n 
component to total processing 


t removed by a sen- 


on, à negative sentence still may 


ncoding stage, as well 
For simplicity of ex- 


tion adds a separate 
time. 
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be well practiced, to be adults, and to ie 
specially instructed), S may remove es 
negative from the sentence representati i 
before the comparison stage. If the twa 
feature values are red and green, for a 
ample, then the sentence, ‘The ball is i 
red," may be transformed and stored as, 
“The ball is green." In this case, (a) a 
false-affirmative sentence takes longer to 
verify than a true-affirmative sentence be- 
cause of the feature mismatch; (b) a true 
negative takes longer to verify than a true 
affirmative because of the time taken tO 
transform the sentence in order to remove 
the negative; and (c) a false negative takes 
longest of all because it involves both ja 
resetting of the response index, due to ? 
feature mismatch, and a sentence trans" 
formation to remove the negative. Thus, 
whether true negatives are verified faster 
or slower than false negatives depends on 
whether the negation is handled by a sen- 
tence transformation or by a resetting ° 
the response index. : 
Some evidence indicates, however, that 
negation is not handled by a separate 
operation. Meyer (in press) found A 
dence against the additive model as appliec 
to comparisons between sentences at 
information in memory. He had Ss judge 
the truthfulness of logical propositions 
concerning familiar semantic categories 
€.g., "Some doctors are males," and “No 
elms are metals.” His results showed that 
(a) category size and the set relation be- 
tween categories influenced the duration O 
memory retrieval, as reflected by RT, ae 
(b) the effects of these variables pine 
greater for negative than affirmative Qe 
tences. Thus, difficulty of memory ye 
trieval interacted with sentence for 
(affirmative vs. negative). 


EXPERIMENTS I-IV 


rure 
The present study tests whether = 
matching and negation coding entence 
separate, additive operations. A pes 
Specifying direction (e.g., 1s NORTH, I circ 
ISN'T NORTH) was presented with * pelow 
that was either above (i.e., north), of the 
(south), left (west), or right (cast) circle 
sentence. Although the sentence an! 


— 
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Sot pun simultaneously 
having-the mel ep rather than 
Het teld solae ta ip Sy and Ss were 
the Üireefin caedi gu first, the fact that 
One of four Parent re nonbinary, taking 
that Ss Dp iol END two, meant 
&enfnos tr ee rea ily transform the 
according to tl e Fd negative. Thus, 
affirmative d a = model, a false 
match, and hee: 1 invo ves a feature mis- 
Sisewatice + are drin e, W hich involves 
than a true afli a ed at mp slowly 
Wishes aue erae »ecause each in- 
he RT for a at o pu jespanse index. 
longest. of ziii iid negative ought to be 
reset a 1 because pet o index is 
mismatch fore it shane ol E a feature 
ought (o h a ne ei Neid 
rue-Fal e an 4 f anane N epp EVE x 
additie se interaction for RT, and, in 
exceed 1 the RT for true negatives should 
tives þ ue base-line RT for true affirma- 
incren y an amount equal to the sum of the 
ebrii for false affirmatives and false 
Satives over true affirmatives. 
a. Present study also provides a sec- 
affi test of the additive model. False 
the AEN (e.g., IS NORTH, with circle ee 
iii and true negatives (e.g., ISN'T 
"rs 1, with circle at the west) both involve 
‘feature mismatch and differ in that only 
à true negative involves negation. Some 
ature mismatches were more difficult than 
me because they involved an axis 
reel the sentence and circle differed on 
ical fon but agreed on horizontal or ver- 
Sout] axis, e.g., IS NORTH, with circle to 
codi h. If feature matching and negation 
tone are truly separate, I opera 
Mate} then the increase in RT od ue 
to be a (vs. axis-mismatch) sentences oug ht 
bcd gps of whether the — 
effe ains a negative. The axis-match 
Ect ought to be the same for false-atfirm- 
TE and true-negative sentences. 
ag 2 Exp. I, which served in some analyses 
Sent he control condition, the circle and 
m ence were presented simultaneously. 
jj, Sine the comparison easier, and to 
Pie the effect of certain advance 
Ormation, in Exp. II the sentence sign 
IS, isn’t) was presented for 3 sec. before 
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the direction name and circle were shown, 
and in Exp. III the circle was presented 
for 3 sec. before the sentence was shown. 
To make the comparison more difficult, a 
memory load was imposed in Exp. IV. 


Method 


Apparatus.—Stimuli were presented on a Ger- 
brands Model T-3B-1 tachistoscope, which has six 
timers and three exposure fields (all set to maximum 
intensity: 4 mL.) each with a semiautomatic card 
The RT was recorded by a Standard 
Electric Model S-1 timer (calibrated to .01 sec.) 
for Exp. I and II, and for the first 10 Ss in Exp. Il, 
and by a specially built electronic timer, in milli- 
seconds, for the last 10 Ss in Exp. III and for 


changer. 


Exp. IV. 
Subjects.—Twenty City College undergraduates 


served as paid 5s in each experiment. Thus, a total 
of 80 Ss served in the four experiments. 

Stimulus malterials.—All sentenci 
(capital O) were typed in uppercase in 12-point 
IBM Courier 72. In Exp. I and IV, each 4 X 6 in. 
stimulus card contained a two-word sentence (e.g. 
T NORTH, IS NORTH, IS EAST) and a circle, which 
located either above, below, left of, or right of 
In Exp. II, the sentence sign (rs, 


and circles 


was 
the sentence. 


ISN'T) was typed on a separate card, which was shown 
for 3 sec. immediately preceding the stimulus card 
containing the direction name 
I 


and circle. In Exp. 
the circle was typed on a separate card, which 
shown for 3 sec. immediately preceding the 
ulus card containing the sentence. The sentence 
as centered on the field, and the circle appeared 1 
in. (Exp. I, IV), .75 in. (Exp. II), or .38 in. (Exp. 
III) from the sentence, either above, below, left, 
orright. The stimulus card was 31 in. from S. 
Experimental design.—ln each experiment, à 
within-Ss design was used, except for one between-Ss 
variable, hand assignment for true and false re- 
(half of the Ss responded “true” with a left- 
half with a right-hand key). Each S 
ations of a basic set of 48 condi- 
The 48 represented all com- 
binations of: (a) four direction names in the sen- 
tence, (b) two types of sentence form (affirmative, 
negative), (c) two degrees of truth value (true, 
false), and (d) three trials (which simply involved 
repetition of the same stimulus when the circle’s 
location matched the direction name in the sentence; 
when circle and sentence did not match, each of the 
three nonmatching circle locations was used once 
each). 
Procedure.—The Ss were instructed to decide 
whether the sentence accurately described the loca- 
tion of the circle, and to respond as quickly as possi- 
ble, but not at the expense of accuracy. For 10 Ss 
was pressed to sig- 


sponses 
hand key, 
received two repl 
tions, or 96 trials in all. 


in each experiment, the left k 
nify a sentence-circle equivalence (true) and the 
right key a sentence-circle conflict (false), and for 
the other 10 Ss the hand assignment was reversed. 
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The Ss were told that a circle located above the 
sentence was accurately described by the sentences 
IS NORTH, ISN'T SOUTH, ISN'T EAST, and ISN'T WEST 
(true), but not by ISN'T NORTH, IS SOUTH, IS EAST, 
and 1s west (false), and Ss received eight practice 
trials. 

A buzzer sounded when S made an error. All 
errors were replaced; the stimulus was repeated later 
in the experimental session until S responded cor- 
rectly. All mean RTs reported below are based only 
on correct responses. 

To initiate each trial, S pressed a foot pedal con- 
nected to a remote-start switch on the tachisto- 
scope. The foot pedal was inoperative between 
trials. In Exp. I, after E said "go," S pressed the 
foot pedal, whereupon a blank field appeared for .3 
sec., a fixation field for .7 sec., and the stimulus card 
for 2.0 sec. The Ss were told to keep their eyes 
pointed at the fixation point, centered at the location 
of the sentence. In Exp. IV, E read five random 
digits to S, at a 2/sec rate, immediately before 

saying "go," and S, after responding to the sentence- 
circle combination, immediately wrote down as many 
of the five digits as he could in the proper order. 
The five-digit strings were devised by randomly 
permuting the digits 0 to 9, using the first five digits 


thus formed on one trial and the second five on a 
subsequent trial. 


In Exp. II, when S 


pressed the foot pedal, the 
word IS or ISN'T 


appeared for 3.0 sec., followed for 
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TABLE 1 


AN RESPONSE TIME AND PERCE 
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2.5 sec. by the direction name and circle. In ERES 
III, the circle appeared for 3.0 sec., followed for 2. 
sec. by the sentence. The RT was computed en 
the time of onset of the stimulus card that followe 


the 3-sec. preview of sentence sign (Exp. H) oF 
circle (Exp. III). 


Results and discussion 


True negatives compared with all other 
sentence types.—The F ratios for RT for the 
four experiments combined and for each 
experiment analyzed separately are shown 
in Table 1. Mean overall RT was sig- 
nificantly shorter for affirmative sentences 
true sentences, and vertical-axis sentence? 
in which the direction name was NORTH OF 
SouTH. The horizontal-vertical difference 
was slightly larger overall for negative (7 
msec.) than affirmative sentences 
msec.), but only in Exp. IV did the Affirma- 
tive-Negative X Horizontal- Vertical inter- 
action attain even marginal significance 
(p « .10). 

Consistent with the additive model, the 
Affirmative-Negative X True-False inter- 


ENT ERRORS, 


F ratio 
Source df 
Exp. I- 
eae Iy Exp. I | Exp, II Exp. II Exp. IV 
Response time 
Affirmative-Negati 1 
"True-False an 1 M ees eder moa EES ia 691. 
Horizontal-Vertical 1 13.04*** 7.72* kc a [A 
AN X TF 1 GLO | azes | iio q^ B 
AN X HV 1 2.00 ep c se “3 
TF X HV 1 «r <1 $i $i 4 
m SER , 
AN X TF x HV i] ox <1 <1 bn 1.60 
Errors 
Affi ive-Negati 
Trueta Saive] I | zem | ios 121 19,44" po 
Aerizontal- Vertical 1 2.15 = 84 " al E 123 
A CF di à EC ; 
ree 1 4.40" <1 2.43 3.38 123 
TF X HV 1 <1 1.65 =A «1 1 60 
AN X TF x HV i 25 a 3l 134 136 
§ <1 1.3 
combined anaha Er term for ea 


ch source was its i i 
Ss am O Each sc s its interaction 
combined analysis, ay 


for the Exp, I- 


nd 18 degrees of freedo: 
Mc 


mp < 001, 


v 
exp» Ie} 
= : EXP. m 
ted withi with Ss nested within hand-assignment groups. For the f'freedo' 
ed within groups across experiments, 


m for the analyses of the individual experiments. 


The error term had 72 degrees © 
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Exp. II 

o sign preview 
2 

we 

o 

E 

= 

o 1.5 

a 

A 

o 

$2 1.0 

2h 

a 

5 

o 05 

= 


TAga TNEN 


Fic. 1. 


acti 
E Lus significant overall and in all 
on except Exp. IV. The Circle 
ee) a Affirmative- 
art x 'True-False interaction was sig- 
EIS F (1, 36) = 19.67, p < .001, as 
Fin the Memory Load (Exp. I vs. IV) 
frac mative-Negative x True-False in- 
rary A F (1, 36) = 4,31, p « .05). Con- 
is 5 the additive model, however, as 
base-|i, ows, the increment in RT (over the 
ives me true affirmatives) for true nega- 
tTespons hich involve two resettings of the 
Separate index, was less than the sum of the 
and fale. increments for false affirmatives 
Tesetti se negatives, which each involve one 
all fp ng of the response index. The short- 
Was P predicted RT for true negatives 
I 8 msec. in Exp. I, 224 msec. in Exp. 
WES msec. in Exp. III, and 331 msec. in 
all , IV. In each experiment, the short- 
indie as significant (p< .01 or less), as 
ure m by Affirmative-Negative X Fea- 
al atch interactions obtained in special 
Was yses in which the true-false variable 
eae by feature match versus mis- 
Degac; (ie, true affirmatives and false 
uc Aves Ws. false affirmatives and true 
Batives). 
i pu fact that the shortfall was reliable 
ig eis II as well as the other experiments 
ci In Exp. I, II, and IV, the 
nce appeared simultaneously with, or 


TA fa TN EN 


: Mean RT for true-affirmative (TA), fals 
true-negative (TN), and false-negative (FN) sentences, Exp. 


Exp.IV 


memory load 


Exp. III 
circle preview 


TA fa TN pn TA fA TN EN 


e-affirmative (FA), 
I-IV. 


partly preceded, the circle. Even though 
direction in the present case was nonbinary, 
S conceivably could have transformed a 
negative sentence into the set of equivalent 
affirmative sentences before attending to 
the circle. ISN’T SOUTH, for example, coul 
be transformed into the set IS NORTH, IS 
EAST, and 1S WEST, with each of these three 
affirmative sentences then being compared 
with the location of the circle. The removal 
of the negative would result in RT being 
shorter for true negatives than false nega- 
Such negative-removing transfor- 
ns do not occur, according to Tra- 
if the picture is pre- 
ce, as in Exp. III. 


tives. 
matio: 
basso et al. (1971), 
sented before the senten 

Mean RT was significantly higher in 
Exp. IV (memory load) than in Exp. I, 
F (1, 36) = 14.75, p < .001, significantly 
lower in Exp. III (circle preview) than 
Exp. I, F (1, 36) = 10.53, p < .005, and 
slightly higher in Exp. II (sentence sign 
preview) than in Exp. I, though only to a 
marginally significant extent, F (1, 36) 
= 3.07, p «€ 10. Neither sign preview 
(Exp. I vs- II), circle preview (Exp. I vs: 
III), nor memory load (Exp. I vs. IV) 
interacted significantly with affirmative- 
tive, true-false, or horizontal-vertical 
except that the Memory Load X True- 
False interaction was marginally signifi- 
cant, F (1, 36) = 3.75, p < .10. The direc- 


nega 


Avr. 


i 
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tion of the differences, however, generally 
conformed to the rule that the more difficult 
the task, the greater the affirmative-nega- 
tive, true-false, or horizontal-vertical dif- 
ference. For example, the horizontal- 
vertical difference was 153 msec. in Exp. 
IV, 58 msec. in Exp. 1, 23 msec. in Exp. II], 
and 20 msec. in Exp. II. 
It is surprising that Ss did not benefit 
from the 3-sec. sign preview in Exp. II. 
The mean RT even was slightly longer in 
Exp. II than Exp. I. The longer RT in 
Exp. II may reflect the greater temporal 
uncertainty of the onset of the stimulus 
containing the direction name and circle 
(S had to wait 3.0 sec. rather than .7 sec.) 
and the fact that 1s or ISN'T was in memory 
rather than in the visual display when S 
made his decision. More important, the 
affirmative-negative difference was not sig- 
nificantly lower in Exp. II (281 msec.) 
than in Exp. I (353 msec.). Negation 
coding normally may be performed after 
feature matching (Chase & Clark, in 
press). If negation coding is truly a sep- 
arate operation, however, then, given the 
favorable circumstances in Exp. II, nega- 
tion coding ought to have been accom- 
plished before feature encoding and feature 
matching. Negation coding, with the re- 
setting of the response index when ISN'T 
appeared, ought to have taken place during 
the 3-sec. preview. The difference in RT 
between negative and affirmative sentences 
ought to have been eliminated, but it was 
not. When questioned after the session, 
only 4 of the 20 Ss reported that they some- 
times reversed the hand assignment for 
true and false when an ISN'T was presented, 
thus making the requisite change in the 
response index. The Ss may have needed 
practice to learn to use the sign preview 
Exp. Il, however, the affirmativ 
difference was only slightly 


Second half of the session ( 
in the first h 


Mean per 
2. The err 
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;in 
e-negative 
smaller in the 
257 msec.) than 
alf (305 msec.), F < 1.0. 

cent errors are shown in Table 
Or rate was significantly higher 
in Exp. IV than Exp. I, ¢ (38) = 3.61, 
p < .001, but the error ra 


d i tes in Exp. II and 
Exp. III did not differ significantly from 


that in Exp. l. The F ratios on errors in 
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TABLE 2 — 
MEAN PERCENT Errors, BY SENTENCE TYPE 


d ix Exp. 
Exp. | Exp. | Exp 
Sentence type ERE it ru IV 
8 
affirmative 5.8 5, 6 
ffirmative 9.2 h 0) 
(12.0) E D 
(1.4) i 2 
17.8 f 0) 
(20.0) . 2) 
. (16.6) | (15.3) | (11.0) uf 
False negative 16.1 | 155 | 102 


Table 1 show a significant affirmative" 
negative main effect and, for all exper 
ments combined, a significant Affirmative 
Negative X True-False interaction. ine 
all experiments the error rate was ble 
highest for the true negatives (see Ta e 
2). The higher error rate for true a m 
may reflect a greater guessing rate for thé 
sentence type, but, more likely, it a 
merely be due to the fact that a true fe 
tive presents a greater number of cim 
points, at any one of which a misstep m p 
produce an error in S’s response. lf ep 
errors were fast guesses, then many of th 
"correct" RTs also would be fast guesses: 
Even so, however, the increase in error rate 
for true negatives was not large enough o 
explain the considerable shortfall fro" 
predicted RT for true negatives. Further 
there is no evidence that error response’ 
were made more rapidly than correct re 
sponses. For the 30 Ss in Exp, II and I 
for whom error RTs were recorded, RT W2* 
slightly and insignificantly longer (18 msec- 
t <1) for errors than for the correct "° 
sponses that replaced the errors. naea 

In Exp. IV, the difficulty of the wee 
sentence comparison task had little & ing 
on S's memory for the five-digit p 
which S received immediately before E 
circle-sentence stimulus and had to um 
immediately after making his judgment. 
the circle-sentence combination. T ud in 
number of digits not correctly reca string 
the proper position in the five-digit $ se 
was .8 for true affirmatives, .9 for 0 
affirmatives, .9 for true negatives, ane 
for false negatives. The true-false í 5. ó: 
ence was significant, F (1, 18) s dif- 
p < .05, and the affirmative-nega 


| 
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9. e— 6e affirm. 


o----—o negative 


Mean Response Time (sec.) 


different 


Axis Match 


Fic. 2. 
match) feature mismatches, 
(Only data for false-affirmative 


same data are plotted i 
lly significant, F (1, 18) 


ed only with false 
alse aff i 1 of the RT of 
Vides a rmatives with true negatives pro- 

a second test of the additive model. 


T 
Ne T . > 

; affirmative-negative and true-false 
d in the compari- 


fe 
rence w. s 
i "ru was margina 
1:25 p « 18. 
"e negatives compar 


i : 
VE prem are confounde p 
but fo alse affirmatives with true negatives, 
sumed the present analysis it will be as- 
iffern that only the affirmative-nega nYo 

le Kies was effective. Two facts justify 

Ne pard of the true-false component. 
and vin. Fig. 2b shows, RT was consistenly 
than cisions higher for true negatives 
eee affirmatives. Second, because 

rather 41 is nonbinary, taking one of four 
ing tr: than two values, à negative-remov- 
the Vies iip cannot be applied before 
to 4 atire pateh operation. According 
anq r model, then, true negatives 
esettins affirmatives would both involve a 

atn of the response index due to à 

mismatch, and would differ only in 


same 


Mean RT for same-a is (a: 
for affirmative and neg: 


and true-ne 
n the left panel, a, 


b. 


o—— different | 


affirm. negative 


Sentence Form 


match) and different-axis (axis-mis- 
ative sentences, Exp. I-IV. 
es are shown. The 


gative sentenc 
as in the right panel, 


that true negatives also would involve a re- 


setting due toa negative. 
A feature mismatch between sentence 


and circle can involve either an axis match, 
where the features retain the same axis 
(horizontal or vertical) but differ on 
c directions, Or an axis mismatch, 
d specific direction differ. 
RT is longer in the axis- 
) case than in the axis- 
mismatch (different-axis) case. Ap- 
parently, feature matching is more difficult 
in the axis-match case. The F ratios for 
RT in Table 3 show that both the axis- 
match and affirmative-negative main ef- 
fects were significant (p « .001). 
According to the additive model, feature 


specifi 
where both axis an 
As Fig. 2a shows, 
match (same-axis 


matching and negation coding involve 
separate operations and should not interact. 


Contrary to the additive model, however, 

the Axis Match X Affirmative-Negative in- 

teraction for the four experiments combine 
p «.01) The axis-match 


was significant ( 
effect was 92 msec. greater for negative 
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ABLE 3 
3i = IND 5 BY 
A S OF VARIANCE OF MEAN REsPONSE TIME AND PERCENT ERRORS, 
NALYSIS OF VARIANCE SEBAR 


SEN 


NCE Type (FALSE AFFIRMATIVE AND TRUE NEGATIVE), 


FOR FEATURE-MISMATCH SENTENCES 


F ratio 
Exp. IV. 
Seine UT mma Exp. I Exp. II Exp. II Exp. 1 
combined 
Response time 
13.56** 
i pe 17.92747 8.37** 1.54 od 
Fee NE r the 48.22*** 54.2504 aca ps 
A a a : picem .92 
Horizontal-Vertical 1 8.86** 5.22 <1 ERN 3.04 <1 
AM X AN 1 10.23** 3.51 19.40 3. js 
AM X HV 1 2:68 5.58* <1 1.41 2.05 
AN X HV 1 2.64 1.01 Lm <1 E. 
AM X AN X HV 1 <1 <1 1.72 <1 
Errors 
7.18* 
is match 1 6.25* «i <1 <1 s 
GO PRIM 1 20.04*** 9.34** <1 12.72** ae 
Horizontal-Vertical 1 «1 141 «1 «1 
d 1 <1 <1 
AM X AN 1 «1 «1 <1 có 
AM X HV 1 1.83 «1 2.25 2.16 d r 
AN X HV 1 <1 3.10 <1 1.96 zl 
AM X AN X HV 1 «1 «1 2.03 <1 
For 
Ss nested UE hand-assignment groups. sefom 
at 


(166 msec.) than affirm 


ative sentences (74 
msec.). Every experi 


The 157-msec. 
match effect for nega- 


Xp. II was significant, 
b < .001, the 94-msec. increase in Exp. I 


and the 101-msec, increase in Exp. III were 
marginally significant, P « .10, and the 19- 
msec, increase in Exp. IV was not sig- 
nificant. It is important that the result 
was of about the same 
II as in the other experi 
Was presented fir 
Exp. III 
removed 
transform. 


rate, the Axis Match x Affirmative-Nega- 


ot significant, as the 
dicate. 


Match X Horizontal- 
tive-Negative X Hor- 
ractions were not sig- 


es of freedom for the analyses of the in 
y was confounded with the true-false dim 


nificant, in both cases, as in the case is 
Axis Match X Affirmative-Negative, d 
interaction was “positive.” The er 
zontal-vertical difference was larger i 
axis-match (98 msec.) than axis-mismate 


d ive 
sentences (35 msec.) and larger for nego 
(82 msec.) than affirmative senten 
(44 msec.). 


GENERAL Discussion 


“ive 

The present data disconfirm the eer 
model in two respects: (a) RT for true ) the 
tives was lower than predicted, and tence 
axis-match effect was larger when the gee 
contained a negative. The results in model: 
suggest instead a parallel-processing coding 
in which feature matching and negation tly of 
occur simultaneously and eae meee the 
each other. If processing is parallel, s ought 
time needed to perform both xui ce of the 
to equal the time needed for the P dad longe" 
two operations. Mean overall R natives, 
for false negatives than false affirn 


e a neg 
dicating that it took longer to handl 


| 
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tive than t 
tually the r tase): was vir- 
and false negatives (1 gee (1,659 msec.) 
that it took no lon re I ab. indicating 
ger to handle - 
a feature mismatch tl s negation and 
alone, QU han to handle a negative 
The Axi . n , ) 
maaie however * ae 
to the parallel ir dg D miis Cd 
negation coding are Ps gen matching and 
Operations, The para i 1 truly. independent 
fied to be consist " je el model may be modi- 
shown by the: — the data, however, as 
energy ‘parallel a cf. also the constant- 
1n the parallel-d model of Townsend, 1971). 
taneous Se model, several simul- 
Central piden nd md eno pre 
Processing is in, and Mm ependent parallel 
not ird is possible when the processor 15 
verloaded. 

fosa [OS a here that all operations per- 
includin pm a circle-sentence comparison, 
Store, e s holding of items in short-term 
past Som are parallel dependent, and that, 
task willa point, adding new operations to the 
more gl cause all operations to be performed 
tion b ini (cf. Meyer, in press). In addi- 
may 2e encoding and comparison operations 
than aerate in a parallel-dependent rather 
item [eue manner. | After having encoded one 
thes Sentence or picture), and while encoding 
est nnd item, Smay concurrently be making 
irst me pasgHe between the fully encoded 
item Em and the partially encoded second 
to aa Further, if the first item is more difficult 
Bo oe (e.g., a sentence with a negative), it 
and d be more difficult to keep in storage, 
item dus may slow the encoding of the second 
Bones, addition. to making the comparison 
his y more difficult. Meyer (in press) had 
demo eerie sentences with information in 
he yj y, and he reported results that support 
lew that sentence negation requires extra 


pr 4 
I cessing capacity and thereby reduces the 
y." In the 


qT; 

eo searching long-term memor i 
incre nt case, the axis-match effect may reflect 
ralha diffculty at the feature-encoding 
in r than the comparison Gs feature-match- 
axis ee and negation may accentuate Uie 
essin natch effect because of the greater proc- 
at xd demands that negative sentences make 
aries encoding and storage rather than com- 
SM siape Regardless of where negation 
indi s processing time, though, the present 
indi ngs, as well as those of Meyer, do clearly 
in Cate that negation is not always handled 

a separate, additive operation. 
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The effect of b iv d 
match on RT is petis = a SP. 
mus Ep f e ne overall RT is 
special relationship. E. CE x 
matching and negation be 4: ed Wr 
each other simply because be ee ie i 

y oth are influenced 
by any factor that increases the demands on 
the central processor, whether it be negation, 
an axis match, a memory load, a sentence 
containing EAST or WEST (horizontal axis) 
rather than NORTH or SOUTH (vertical axis), 
or the simultaneous (vs. successive) presenta- 
tion of sentence and circle. The effect of task 
difficulty on negation (Fig. 2b) is less notice- 
able than that on axis match (Fig. 2a). Pers 
es lengthy serial opera- 
tions that always lead to a longer RT, even 
when the central processor is not overloaded. 
The effect of task difficulty on feature match- 
er hand, is so striking as to 
rocessing: from 
when the task 


haps negation involv 


ing, on the oth 
suggest a switch in mode of p 
exhaustive feature matching, 
is easy, to self-terminating feature matching, 
when the task is difficult. Self-terminating 
feature matching means the following: S first 
compares the axis of the direction name in the 
sentence with the axis of the circle. If an axis 
mismatch is encountered, feature matching 
self-terminates immediately. If an axis match 
is encountered, S checks further to determine 
whether the specific directions within the axis 
e same or different. The check further 
re encoding as well, if the circle 
both had only been partially 


encoded, to the level of axis value or semantic 
marker when first compared. In exhaustive 
feature matching, on the other hand, the fur- 
ther comparison involving specific directions 
would be carried through even when not 
necessary, i.e. when an axis mismatch had 
been encountered. When the task is easy; the 
availability of unused processing capacity mày 
enable the extra operations entailed by ex- 
haustive feature matching to be readily and 
quickly performed, perhaps in parallel with 
each other. When the task is difficult, on the 

make self-terminating 


other hand, Ss may 
matches whenever possible so as to free pro- 
cessing capacity for other operations, and thus 


avoid lengthening ET. 
P. Liss (personal communication, Novem- 


are th 
may require mo 
or sentence or 


ber, 1971) has suggested an elaboration of the 
parallel-dependent model. In an unpublished 
experiment, Liss presented a varying nu 
of items for 5 to store for subsequent compari- 
son with a test item. When the task was easy, 
emory search was exhaustive, as Sternberg 


mber 


m 
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(1966) had found. When more difficult geo- 
metrical figures were presented, however, 
memory search was self-terminating. Slowing 
down memory search seemingly gave S a 
greater opportunity to terminate 
search immediately upon encountering a 
match between a memory item and the test 
item. In the present study, according to Liss, 
feature matching may have changed from 
exhaustive to self-terminating as the task 
became more difficult because as feature match- 
ing slowed down under the more difficult con- 
ditions, it offered a better target for self-ter- 
mination. When the task was easy, feature 


matching ran itself off too rapidly to allow 
self-termination. 


memory 
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STIMULUS MODALITY EFFECTS ON FORGETTD 


IN SHORT-TERM MEMORY! 


DON L. SCARBOROUGH * 


Brooklyn College of the City University of New Y 


Retention of visually and of 


dare si > Pa t ] I 
pared using the Peterson distractor technique. 
presented trigrams w 


ments, retention of visuall 


Fas longer retention intervals, e.g., 18 sec. 
dence: ‘the r à 
ence that the retention of visually presen 


auditorily presented sequences of symbols can 
ident of each other. 


memories that are largely indeper 
visually presented stimuli is le: 


P 
id Rui nd Peterson (1959) reported 
grams ee ting of three-consonant tri- 
threes P task of counting backward by 
Presentati, fours was inserted between 
is à mehak and recall of a trigram. This 
replicated ay phenomenon and has been 
Ors (eg qualitatively by other investiga- 
Melton 5 Keppel & Underwood, 1962; 
here at 1963; Murdock, 1961). However, 
Wise be differences between the 
Produc go in the amount of forgetting 
example. by the interpolated task. For 

lat ete. Peterson and Peterson reported 
he Peed 18 sec. of the interpolated task, 
rta probability of correct trigram 
? E. less than .1 (Exp. D. Similarly, 

Siem (1961) reported a .16 probability 
terpolated report after 18 sec. of the in- 

ated counting task (Exp. 1). On the 


Othe 
er hand, Keppel and Underwood re- 


Dor 
ted approximately a -45 probability of 
ec. of interpolated 


Correc 
Suna: report after 18 s 
rep Ming (Exp. 2 and 3), and Melton 
a ede a .51 probability of correct report 
E sec. (his longest retention interval) 
iterpolated counting. Thus, though all 
by a Faculty Re- 
V i New York. 
„V. Justice helped ir of the 
oes in the analysis of the data. 
Hollis si ans Aaronson, Deborah Macmill 
Tatts. napiro for many helpful comments on € 
i d this paper. 
Sear MERCI for reprints should be se 
C ege Pa... of Psychology; 
it 1e ity University New 
oklyn, N. Y. Ni niversity of New 


an, and 
arlier 


nt to Don L. 
Brookl 
York, 


Bra 


Mens d ss disrupted by the ir 
dm ward) than is memory for auditorily pre 
hypothesized independence of the two mer 


‘ork 


auditorily presented trigrams (CCC) was com- 


In contrast to previous experi- 
ras superior, particularly at 
These results extend recent evi- 
ted displays of symbols and of 
be mediated by different 
That memory for 
nterpolated task (counting 
sented stimuli follows from the 
mory systems. 

Es have found considerable forgetting of 
the trigrams following the interpolated 
task, there are large disparities in the 
amounts of forgetting observed. However, 
the procedural details of the four studies 
differed in several respects. The present 
study focuses on one dimension in which 


the studies differed : visual versus auditory 
trigram presentation. On the one hand, 
Peterson and Peterson and Murdock (1961) 

auditorily while 


presented the stimuli 
Keppel and Underwood (1962, Exp. 2 
d the stimuli 


and 3) and Melton presente 
be that visual stimulus 


visually. It may 
presentation leads to a memory code that 
is less affected by counting backward than 
is a memory code produced by auditory 
trigram presentation. The experiment re- 
ported here was designed to explicitly 
compare visual and auditory trigram pres- 
entation under conditions similar to the 


original study by Peterson and Peterson. 


METHOD 
three experimental groups of six under- 
graduate paid volunteers. Each S, run individually, 
received practice trials and two blocks of test trials 
in a 1-hr. session. The practice trials gave Ss ex- 
perience in counting backward. For the practice 
trials and. the first block of test trials, the three 
groups differed with respect to trigram presentation 
modality. For one group, the trigrams were pre- 
sented visually (V). For a second group, the 
trigrams were presented auditorily (A), while for 
the third group, the trigrams were 
presented both visually and auditorily (A + V). In 
the second block of test trials, the trigrams were 
presented auditorily for all groups so that the three 


There were 
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groups could be compared on a common task. the 
common task was presented last because it was 
thought that if auditory trigram presentation were 
used in the first test block, Ss might later persist in 
using auditory coding when the 
modality was changed. - 
Stimuli.—Two lists of 36 consonant trigrams were 
constructed from Witmer's list. of trigrams with 
0% to 17% association value (Hilgard, 1951). Ts 
lists were constructed so that, in keeping with the 
procedure employed by Peterson and Peterson 
(1959), no two successive trigrams contained letters 
in common. A three-digit number drawn from a 
table of random numbers was paired with each 
trigram. The two s of trigram-number pairs 
were tape recorded with a warning tone (1,000 
Hz., .5 sec.). The onset of the tone preceded the 
trigram by 1 sec. Similarly, the trigram onset pre- 
ceded the three-digit number by 1 sec. The dura- 
tion of the trigrams and of the numbers was approxi- 
mately .7 sec. as measured with an oscilloscope. 
This tape was used for A and A + V test trials. For 
V test trials, the trigrams were deleted from a copy 
of this tape, and a 1,000-Hz. tone, recorded in place 
of each trigram on the second track of the tape, 
served to initiate presentation of a visual trigram on 

a projection tachistoscope. 
Two practice t. 
manner. These c 


presentation 


apes were prepared in the same 


onsisted of 18 trials with the same 
trigram but a different three-digit number on each 
trial. 


For V and A + V test trials, slides w 
the trigrams, using photographs of standard dry- 
transfer letters in a Futura Demi-Bold font. The 
letters appeared dark on a light background when 
projected. The visual angle subtended by the dis- 
play was approximately 29 horizontally by 35' 
vertically. 


The duration of the interpolated counting back- 
ward task varied from trial to trial. The six dura- 
tions used were 0, 3, 6, 9, 12, and 18 sec., measured 
from the end of the trigram presentation to the recall 
signal. The order of the six intervals was deter- 
mined by a 6 X 6 Latin Square. "Three such Latin 
Squares were constructed and each Latin square was 
presented to two Ss within each experimental group 
for the first block of test trials. In the first block of 
test trials, Stimulus List 1 was presented to one of 
each pair of Ss within 


an experiment; 
ceiving the same order of interpolated ta. 


ere made of 


Following 
backward 


elay intervals 
ice trials. 
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On each trial in a block, two yellow pgs ns 
panel in front of S turned on to warn S we E 
trial was about to begin. Approximately 1 the 
later, S heard the 1,000-Hz. warning tone an es 
yellow lights turned off. The trigram was presen m 
1 sec. later over high-quality earphones ande B 
1 sec. on a rear-projection screen illuminated HE 
two-field projection tachistoscope with blank DE 
and postdisplay fields. One second after trig! ioe 
presentation, S heard a three-digit number ES e 
earphones, except on the 0-sec, delay trials. H Ad 
was instructed to repeat the number aloud uE 
begin counting backward by three's from that d 
ber in time with audible l/sec metronome clicks 
At the end of the delay interval, the metronome 
stopped and two green recall lights turned on d 
10-sec. recall interval. Following the recall periods 
the green lights turned off and the yellow warding 
lights for the next trial turned on. Every a 
trials, there was a pause until 5 was ready to proceec 3 
The Ss were given a rest after the practice trials an 


between the two blocks of test trials. All response? 
were tape-recorded. 


RESULTS 


The mean probabilities of correctly 
reporting the trigrams in the frst an 
second blocks of test trials are shown id 
Fig. 1. Trigram report was also analyze 
in terms of the mean number of letters 
correctly reported on each trial. As the 
results were very similar to the effects 
observed with correct trigram report, only 
the latter data are reported. The data 
from each block were analyzed separately- 
For the first test block, the arc-sine trans- 
formation (Winer, 1962) of 
ties for each S was an 
factor analysis of variance (groups, inter 
polated task duration, and Ss), with 5s 
as a nested factor within groups. bo 
effect of groups, F (2,15) = 15.3, p < 0 ) 
and of interpolated task duration, F (5, 7 


CANC t. 
= 35.0, p —.01, were both significan 


= Hon 
The Groups x Interpolated Task Durat!o 
interaction did 


not quite reach significance 
F (10,75) = 1.8, < 10, The error te 
for the test of this interaction was The 
interaction of Ss with duration. the 
interaction with Ss was larger wt 
A + V group than for either the irm was 
or the V group, though the differens a! 
not significant when tested by UC 
test for homogeneity of variance Lr 
1962). However, the larger varia ) ac 
the error term for the A + V grout 


the probabili- 
alyzed in a three 
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5 BLOCK 1 


CUN wl ————ÉAe 


PROBABILITY OF CORRECT REPORT 


12 


Te" uv 


18 


DURATION OF INTERPOLATED TASK (SEC. 


Fic. 1. Probability of correct trigram report for each of two blocks of test 


trials. (The experimental groups differed with respect to trigram presentation 
modality only in Block 1. All groups received auditory trigram presentation 


in Block 2.) 


i Sie for the failure of the Groups X 
| Bea ee Task Duration interaction to 
ach significance. Comparing only the 
Roni the V groups, the interaction was 
Wer cant, F (5,50) = 3.6, p < .01, as 
Paris the main effects. The same com- 
Eon between the A and the AV 
ut Ps again yielded significant main effects, 
| . the interaction was not significant, 
(5, 50) = 1.9, p > .10. 
all orama were presented auditorily for 
u Aree groups in the second test block. 
r: analysis of variance on the arc-sine 
ansformation of the probabilities of 
c trigram report showed a signifi- 
BAS tion Eus of interpolated task dura- 
neith, (5, 75) = 52.6, p < .01. However, 
Po 2 the effect of experimental group, 
nt =) = .9, p > .25, nor the Groups 
tio q Polated Task Duration interac- 
Pitnig,. C10 75) = .9, p > .25, approached 


E Whether the groups differed in 
ay vance of the interpolated task, the 
ely, Umber of times each S counted 
ard on a trial averaged across all 


interpolated task durations was analyzed 
by an analysis of variance with the factors 
of groups, Ss, and blocks (Block 1 vs. 2). 
The results showed no significant effect 
of groups, F (2, 15) = .1, p > .25, blocks, 
F (1,15) = .1, p> .25, or the Groups 
X Blocks interaction, F (2, 15) = 1.1, 
p.25. 


DISCUSSION 


It is quite clear that visual trigram presenta- 
tion (as compared with auditory trigram pre- 
sentation) led to superior retention in this 
experiment. The reliability of this effect is 
supported by the similarity of the present data 
to the results of previous experiments. Recall 
performance for the A group on the first block 
of trials is reasonably close to (though some- 
what lower than) the levels of performance 
reported by Peterson and Peterson (1959), 
Murdock (1961), and Keppel and Underwood 
(1962, Exp. 1), for equivalent delays. Perfor- 
mance by the two groups with visual trigram 
presentation (V and A + V) is similar to the 
performance levels reported by Keppel and 
Underwood (1962, Exp. 2) and Melton (1963) 
where visual trigram presentation was also 
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used. Thus, in this task, retention was better 
for visually presented stimuli than for audi- 
torily presented stimuli. One possible exe 
planation of this difference is that visual pre- 
sentation may have allowed more time for 
trigram rehearsal (e.g., because of faster per- 
ception). However, in one experiment, Peter- 
son and Peterson permitted 3 sec. of silent 
or vocal trigram rehearsal before the inter- 
polated task. The probabilities of correct 
trigram report for 9 and 18 sec. of interpolated 
counting were still lower than the probabilities 
for the same delays in the present experiment 
with visual trigram presentation. This indi- 
cates that a 1-sec. visual trigram presentation 
produced better retention than auditory tri- 
gram presentation with 3 sec. of rehearsal. 

Several Es (Brooks, 1967, 1968; Kroll, 
Parks, Parkinson, Bieber, & Johnson, 1970; 
Murdock, 1971; Scarborough, 1972) have pro- 
posed that short-term retention of visually 
presented information can be mediated by a 
memory system other than the auditory short- 
term storage system studied by Conrad (1962, 
1964), Sperling (Sperling, 1960; Sperling & 
Speelman, 1970), and others. The results of 
the present experiment further support this 
hypothesis. With auditory trigram presenta- 
tion, it seems likely that Ss tried to retain the 
trigrams in an auditory short-term store that 
was disrupted by performance of the inter- 
polated task. On the other hand, visually 
presented trigrams evidently were stored in a 
form that was much less disrupted by the 
verbal interpolated task. Alternatively, it 
seems likely that the superiority of visual 
trigram presentation would have disappeared 
if the interpolated task had required the proces- 
sing of visual information. This hypothesis is 
supported by the results of Morton and 
Holloway (1970), who reported that adding 
a stimulus suffix and response prefix had a 
large deleterious effect on report of auditory 
or visual sequences of digits or letters only 
when the suffix and prefix were in the same 
modality as the stimulus sequence. Also, 
Tell (1971) found that binary manual re- 
sponses in an interpolated task interfered less 
with retention of verbalized trigrams than did 
equivalent binary verbal responses. 

The hypothesis that auditory and visual 
stimulus presentations lead to different forms 
of storage appears to provide an explanation 
for the release from proactive interference 
(PI) that is sometimes observed when the 
stimulus presentation modality 


is changed 
within a series of short-term 


memory trials 


DON L. SCARBOROUGH 


(Wickens, 1970). ^ However, Kopki ph 
Edwards, and Gavelek (1971) in an iE » 
tion of this effect reported that although z a 
found a release from PI when there Nee At 
change from visual to auditory stimulus pn 
tation, they did not find such an effect N ual 
there was a change from auditory to ed 
stimulus presentation. Such a res ilt appe? 
to be inconsistent with the hypothesis dee 
in this paper. A closer inspection of their S 
suggests a different interpretation. In genera» 
their results indicate that retention of auditor 
stimuli was superior to retention of SHE 
stimuli, possibly becau their interpolate’ 
task required Ss to add a sequence of 14 eri x 
visually presented digits. As a result, a dh a 
to auditory stimulus presentation after sev er d 
trials of visual stimulus presentation ships 
produce an improvement in performance Fd 
two reasons: (a) release from PI because 
auditory stimuli are stored differently and E 
superior overall performance with auditor 
stimuli. On the other hand, a switch to VIS ot 
stimulus presentation after several pur] e 
auditory stimulus presentation should proc! ae 
equivocal results because: (a) performan 
should improve because of the release from 38 
and (b) performance should get worse bese s 
of generally poorer performance with visua 
presented stimuli in their experiment. t 
fact, their results show a large improvements 
in performance with a shift from visual. x 
auditory presentation, and practically no 1™ 


A 7 epit sigua 
provement with a shift from auditory to vis" 
presentation. 


Other Es have compared visual and auditory 
trigram presentation and have reported supe 
rior performance with auditory trigrant MS. 
sentation. Cooley and MeNulty (1967) RE 
that using the Peterson and Peterson (195) , 
procedure, retention was best for auditor 
presented trigrams at short retention irm 
(3 and 6 sec.) although for longer rete er" 
intervals (e.g., 18 sec.) there was little C dori 
ence between auditory and visual presens gna 
Similarly, Grant and McCormack (1969) uallY 
pared retention of auditorily and VI? were 
presented trigrams when the letters B 
presented sequentially for both modali et a 
with Cooley and McNulty, they conclue vid 
auditory presentation is superior to 
presentation, especially at SHON nclus 
intervals, e.g., 0 to 6 sec. This P expe 
seems unjustified in the case of bos : o 
ments, for the data show that oe ie 
auditorily presented trigrams Nas with 
report of visually presented trigrant 
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sec. retention interval. The inability of Ss 
to report the visual trigrams correctly im- 
mediately after presentation indicates that the 
visual trigrams may not have been accurately 
ME at the time that the interpolated 
dite e It is clear that under these con- 
ite qa ormance at the longer retention 
= ps Gatinot be meaningfully compared 
cmon re to whether visual or auditory pre- 
mp produces better retention. 

Bei gar ue in contrast to the widely held 
nied ua € visually and auditorily pre- 
Lm TUN are retained in a common audi- 
the liyBosh sm Veoh. his experiment supports 
tic Eiern that visually presented linguis- 
Wissen: i (trigrams) can be retained in a 
Cen Pi ica) system. Comparison of the 
Hs het Nath other experiments indicates 
should n per research comparing modalities 
sis] tds € more attention to the level of origi- 
tee i for each modality, and to the in- 
Polated VA iia demands of the inter- 
asks 
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INTERAURAL ATTENTION SHIFTING AS RESPONSE! 


LAWRENCE T. GUZY ? anp SEYMOUR AXELROD 
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Fifteen college students were instructed to count the number of regularly 
repeated clicks, presented either to one ear or in alternation to the two ears, 


at repetition rates from 2/sec to 8/sec in trains varying 


clicks. 


similar to a repetitive motor res, 


Repetitive clicks alternately delivered to 
the two ears are perceived as occurring more 
slowly than clicks delivered to a single ear, 
at click-repetition rates between about 
3/sec and 40/sec, and with train durations 
greater than about 3 sec. The apparent 
slowing has been interpreted as indicating 
difficulty in integrating dichotically alter- 
nating inputs into a single percept and 
attributed to inability to shift attention 
between the ears rapidly and repetitively 
(Axelrod & Guzy, 1968; Axelrod, Guzy, 
& Diamond, 1968; Guzy & Axelrod, 1971). 

The study reported here had its genesis 
in Es’ observations that (a) rapid dichotic 
click trains appeared to slow down only 
after a few clicks had been presented, and 

(b) the slowing appeared earlier in a faster 
train (eg., 10/sec) than in a slower one 

(e.g. 5/sec). This is, of course, 
what would be expected if 
tion shifting were analogous to a Paced, 
repetitive, fatigable motor response in that 
it can be performed rapidly a few 
slowly many times, but not r 
times. (Reasons for thinkin 


just 
interaural atten- 


times, 
apidly many 
g that there 

1 This work was supported by a research grant 
from the National Institute of Neurological Diseases 
and Stroke (NS-06862), an institutional grant from 
the National S ion, and Research 
Scientist Development Award K3-MH-5787 from 
the National Institute of Mental Health, all to the 
second author, The results were reported in a paper 
presented at the Meeting of the Eastern Psycho- 
logical Association, New York City, April 1971. 

2 Requests for reprints should be sent to L. T. 
Guzy, who is now at Department of Education and 


Psychology, Alliance College, Cambridge Springs, 
Pennsylvania 16403, 


cience Foundat 


Relative to monotic clicks, dichotically alternating 
counted, the degree of relative undercounting being 
number of clicks/train and repetition rate. 

a view of repetitive shifting of attention betw 


ponse, and perhaps as depe: 
ing side-to-side orienting movements, e.g., of the eyes. 


in length from 2 to 20 
Clicks were under- 
à direct function of 
The results are consonant with 
een the ears as at least formally 
ndent upon oscillat- 


may be more than an analogy here are 
Presented in the Discussion below.) . a 
prediction which follows from such a ec 
is that the number of rapidly alteroot 
clicks the listener can perceive is an a 
function of both the number of clicks ) 
the train and the presentation rate; s 
at a presentation rate in which a long Eu 
of alternating clicks would be perceive 
imperfectly, perception of a small number E 
Clicks is possible. Within the range oh 
repetition rates in which some degree 3 
dichotic slowing occurs with long wan 
(a) adequacy of processing should ue ^ 
down as the train is extended, and (b) kr 
breakdown should occur earlier in the tral! 
as the repetition rate is increased. c 
Test of the predictions obviously a 
quires a task in which the listener mu 
begin Processing the stimuli at the onset E 


the train. We therefore required SS 


N S i + otic 
count the clicks in monotic and dicho 
trains of ei 


ght lengths between 2 n 
clicks, with intratrain click-repetition T? 
of 2, 4, 6, and 8/sec. 


tes 


METHOD 


e 
shos! 

; : n who? 
Subjects —The Ss were 15 men and women “ 


in in 

participation fulfilled a course requirement T to 
ductory psychology. They ranged in age Eun a 
26 yr., the mean age being 19.8. None of 
mitted awareness of any hearing deficits. sec? 

A pparatus.—Clicks were generated by ulse gem 
20-v. pulses from Tektronix (Type. D wave, 
crators, triggered by Tektronix (Type.  aprus " 
form generators, and fed into a CE Sat n on 
high-impedance crystal headset. File 150) P 
tored as to frequency with a Hickok eae with 
tal meter, and as to duration and ampli 
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TABLE 1 
Mean NUMBER OF CLICKS COUNTED 


Repetition No. of clicks presented 
aikste Mode 
2 3 4 5 6 8 10 20 
^ Monotic | 2.00 3.02 4.01 5.01 6.02 8.03 9.99 20.00 
"i " : (.000) (.041) (.035) (.035) (041) (.062) ( .026) | ( .000) 
Dichotic | 2.00 3.01 4.00 5.01 6.01 7.99 10.00 20.00 
. (.000) (.026) (.000) (.084) (.027) (026) | (.038) | ( .080) 
4 Monotic | 2.02 3.06 4.04 4.93 6.01 7.97 10.02 19.80 
.. | Coso) | (099) | C091) | (296) | (165 | (110 | (237 | (327) 
Dichotic | 2.00 3.02 3.85 4.84 5.78 7.55 9.33 17.45 
. | €000) | C056) | C307) | (422) | (570) | (802) | (1.063) (2.630) 
6 Monotic | 2.02 3.05 3.98 4.85 5.63 7.48 9.13 17.16 
2 (.056) (.092) (132) (200) (375) (677) | (..763) | (1.358) 
Dichotic | 1.99 2.75 3.51 4.19 4.69 5.99 7.18 13.23 
~ | C070) | (304) | (497) | C572) | (565) | (85D | (10D | (1.773) 
8 Monotic | 2.02 3.02 3.81 4.66 5.40 6.79 8.21 15.32 
.. | Coso) | Cosa) | (210) | (282 | (374) | (592 (.789) | (1.430) 
Dichotic | 2.01 2.59 3.16 3.78 4.39 5.34 6.45 11.87 
(122) (364) (460) (488) (527) (660) | ( .779) | (1.299) 


Note. 
"Standard deviations are shown in parentheses. 


Tektronix jT. 
Murs (Type 360) indicator-unit oscilloscope. 
approprica, clicks presented was predetermined by 
Mteryal ate setting of a Hunter (111-C) silent decade 
graphics es and verified by recording stimuli 
encephat y on a Mederaft (Model D) electro- 
40/s0¢ ‘Mograph. At a stimulus repetition rate of 
le wand with the earphones held tightly against 
Sound ephone of a General Radio (Type 1555A) 
Te 0002 6 VeY Meter, a steady recording of 58 db. 
ars microbar was obtained from each of the 

Phones, 
Cac 1 etre: —The Ss were run individually. On 
toner a train of clicks was delivered via one 
Phe 5 ic) or both earphones (dichotic alternation). 
Micke rated ata table, was instructed to count the 
" click they occurred and report to E the number 
Was m counted immediately after the trial. The S 
Senteq o Uraged from estimating the number pre- 
Decial regardless of the difficulty in counting. 
O0, emphasis was made to insure that .S under- 
When that he was to take into account both ears 
dip out clicks were presented to both ears in 
A Fe alternation. : s 

arran he experimental run, each S received 640 trials 
bj, 86d in 80 blocks of 8 trials each. For each 
» mode (dichotic or monotic) and repetition 
of cligg? 4, 6, or 8/sec) were fixed; and the number 
E tris resented (2, 3, 4, 5, 6, 8, 10, and 20) varied 
"0 cach bie trial randomly without replacement. 
he lock, mode was assigned quasi-randomly 
"m Testrictions that (a) no more than 2 suc- 
(5) 0b locks were run under the same mode, and 
lef, ic eee each were run under monotic and di- 
by tear bi es. Of the 40 monotic blocks, 20 were 
wor bre locks and 20 right-ear blocks. For each 
wn Petition rate was assigned quasi-randomly, 
$ Ste n restrictions that (a) no 2 successive blocks 
"n wip With the same rate, and (b) 20 blocks were 
each of the four rates. Thus, each 5 re- 


ceived 10 trials for each Mode X Rate X Number 
cell; the mean of these 10 trials was taken as his 
score for that cell. Before the experimental run, in 
order to insure that S understood the task, 20 prac- 
tice trials were given (10 monotic and 10 dichotic) 
with a slow repetition rate (1/sec), and with the 
number of clicks/train ranging from 2 through 10. 
Responses were invariably veridical during these 


practice trials. 


RESULTS 


Mean number of clicks counted is shown 
for each cell in Table 1. For each repetition 
rate, in either mode, counts increased 
monotonically with number of clicks pre- 
sented. Counts were not systematically 
different from veridical when pairs of clicks 
were presented at any rate in either mode, 
nor when any number of clicks were pre- 
sented at 2/sec monotically or dichotically, 
or at 4/sec monotically. With further in- 
creases in repetition rate and number of 
presented clicks, counts began to fall short 
of veridicality, the dropping off being 
greater for the dichotic than the monotic 
mode.* 

For each S, for each combination of repe- 
tition rate and number of clicks presented, 


3E, A. Holden, Jr., recently has found that 
educable retardates show more undercounting of 
dichotically alternating tone bursts than of monotic 
ones, even at the slow rate of 2.2/sec (personal com- 
munication, December 1971), 
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TABLE 2 
RELIABILITY CoeFrricieNts (First HaLr vs. SEcoxp Half) or D/M : 
No. of clicks presented 
Repetition s 
clicks/sec. 2 3 m 6 | 8 | 10 | a 
415 
= -846 <= — 846 ` 
i ‘309 174 917 946 905 853 947 a 
6 584 940 941 816 ‘354 765 ‘861 - 
8 876 812 ‘631 38) | 15 803 | 307 t 


Note.—The tabulated coefficie re T 
ginal "reliability" coefficients were negative and ignore 


the proportion [D/M] was computed of 
the count in the dichotic mode divided by 
the count in the monotic mode. The pro- 
portion is an inverse index of the amount 
by which dichotic clicks were undercounted 
relative to the counts under the monotic 
condition. The value D/M « 1 indicates 
relative undercounting of dichotic clicks, 
D/M = 1 indicates identical counts in the 
two modes, and D/M > 1 would indicate 
higher counts in the dichotic than in the 
monotic mode. The reliability of the index 
is reflected in Table 2, which gives correla- 
tion coefficients, calculated from the Spear- 
man-Brown prophecy formula, between 
D/Ms derived from the first half of the 
experiment (5 trials/ cell) and D/Ms from 
the second half, The variability in the first 
row of the table (2/sec) likely can be disre- 
garded as reflecting unsystematic factors; 
the median of the eight coefficients in the 
row is zero. In the rest of the matrix, only 
1 of the 24 coefficients is smaller than 


D/M 
107 gn HrO-—B80—n8— — ibe 
| \ AS o. 
14 sa 
|| i 
907 A, “aa N 
\ ^ ~"V4/sec 
Q 
A Ya \, 
EA 


Number of Clicks Presented 
Fic. 1. Count in dichotic mode/count in monotic 
mode [D/M] as a functi 


E on of number of clicks in 
the train, for each of four Click-repetition rates, 


vere calculated by the Spearman- 


"en he ori- 
Brown prophecy formula, Blank cells indicate that tl 


+ 


d as without meaning, 


r (13) = 441, p < .05, and 20 are greater 
than r (13) = .592, p < 01; the median 
coefficient is .814. m 

The index D/M is plotted as a vw 
of number of clicks presented in Fig. 1, W te 
repetition rate as the parameter, So de 
as this figure is concerned, the hypotne 
from the motor-response analogy reduces te 
the specific prediction of a Repetition Ra ‘a 
X Number interaction: The function Sree 
ing D/M to number of presented cie 
should drop off more rapidly as depen. 
rate increases. This is precisely bur t 
Occurred. A Rate X Number X Ss [ue 
ysis of variance on D/M showed the on 
X Number interaction to be significant 
F (21, 294) = 9.60, p < 001. l 

Also significant were the effects of a 
F (3, 42) = 28.72; number, F (7, 2 
= 25.61; Rate X Ss, F( 42, 294) = 11.73, 
bs < .001 and Number x Ss, F (98, 294) 
= 1.87, 6 < OL 


Discussion 


The Prediction, that processing of dicho 
cally alternating clicks would be affected nene 
tively by increases in train length and pure 
tion rate, was thus confirmed; and the er 
are consistent with the notion that repeti 
interaural attention shifting can fruitfully’ 
thought of as analogous to a paced, fati£ 


t 
Pea ite ARRAS aa esta 
motor response. This view is in part a r afi 


ble 


ment of Broadbent's (1954) and Cherry ? 


shifts are processes which take time n2 
form, the time being more or less. as ‘uring 
perception being more or less difficu S BB has 
the shifts. Interaural shifting of atten tory 


. «plana 
been recently taken up again as an exp 


Re 


"TM 


INTERAURAL SHIFTS IN ATTENTION 2 


conce J 
as parte Moray (1969), and its operation 
Process (aie erage performance-limiting 
(1970, 1971) been emphasized by Treisman 
ists of dicl in interpreting her finding that 
and 6,7 tee fete H alternating digits (4/sec 
lists Diesen d ere reported less accurately than 
Vhat cha simultaneously to the two ears. 
however, is the Gee or 2. analogy adds, 
Switching mete actor of fatigability of the 
implication jT ranim., „The most important 
a fixed, ce a this addition is that rather than 
[19547 3 stant switching time (Broadbent's 
Pac) IUS or Cherry & Taylor's [1954] 
Je perform Aig in which a given switch can 
number an "i e. seen as dependent upon the 
ceded it ee of switches which have pre- 
Mterest fu ye ‘soncept of fatigability focuses 
Predictions he atrial processes and generates 
A esni a bout intratrial performance. 
digit 2 t of Treisman's (1971) alternating- 
Plottin Tuc bears directly on this point. 
Seria] edes rectness of recall as a function of 
le Curve m An. the list, Treisman found that 
Slow ents sac earlier with fast than with 
With dic} entation, and much more steeply 
Cp. 162]^ 4 than with binaural presentation 
Proposed” be result consonant with the idea 
milia; Sere (A discordant finding, the 
recall of oe effect manifested in improved 
be ean he last items of the lists, can probably 
image ee Ss ability to tap. echoic 
Ries [Neisser, 1967] after the trial). 
interaura suggested earlier that the view of 
al attention shifting as formally similar 
be more than merely 
it could 


o 
de Fi lees Ona peripheralist view, it c 
Motor posed that the shifting is underlain by 
Movement e.g. minimal lateral eye 
reflexes nts, perhaps components of orienting 
alternati (Subjects listening to dichotically 
erved ing stimuli can often be directly ob- 
side to to voluntarily move their eyes from 
the sti side in synchrony with the onsets of 

"muli, at least with slow stimulus rates.) 


his is the case, then the efficiency with 


Whi 

ic 4 iH 
Would attention shifting can be performed 
Which be determined by the efficiency with 
q en the motor response can be performed. 


perc rediction would then be that the loss in 
When oe following of dichotic clicks occurs 
Underline are presented so rapidly that the 
lp Nibh er, motor response can no longer keep 

x he alternating stimuli. 

*ahneman (1970) has made essentially the 
suggesting that difficulties in 
lab. dichotically alternating messages 

sense if Ss are imagined “trying to follow 


Same 
me point, 


ollowing 
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the message with their eyes, [like] spectators 
at a tabletennis match [p. 126]." From such 
a view, it is reasonable to expect that ease of 
following rapidly alternating stimuli would be 
inversely related to the distance separating 
the two sound sources, and thus to amplitude 
of excursion of the orienting movements; and 
indeed there is evidence that the apparent rate 
of alternating clicks does increase monotoni- 
cally toward the apparent rate of monotic 
clicks as the azimuthal separation between the 
two sources is decreased (Axelrod & Powazek, 
1972). 

These considerations need not be limited to 
audition, of course. They can be invoked to 
explain the otherwise curious findings of Axel- 
rod, Thompson, and Cohen (1968), who pre- 
sented pairs of electrical pulses to the finger- 
with a variable interpulse delay (At). 
The Ss were asked to judge whether the 
somesthetic “taps” were simultaneous or suc- 
cessive. Mean At for successiveness was higher 
when the pulses were delivered one to each 
hand (bimanually) than when both were de- 
livered to the same hand. Further, bimanual 
At was higher when the hands were held 114 cm. 
apart than when they were held 15 cm. apart, 
and higher still when the forearms were crossed 
one over the other, this last condition being 


in which conflicting and abortive eye 
and to be 


tips, 


one 
orientations would be likely to occur 
disruptive (Kahneman, 1970). 
Support for the motor-process hypothesis of 
interaural attention shifting can be sought in a 
number of way (a) The relative inefficiency 
of the processing of dichotically alternating 
inputs should be enhanced if gaze is directed 
continuously to one side or if lateral-gaze 
are artificially either inactivated 
nergized out of 


mechanism 
(e.g.. pharmacologically) or e 


phase with the auditory stimuli (e.g., with an 
optokinetic drum). (b) The effects of dichotic 
be more pronounced in 


alternation should 
persons with lateral nystagmus than in non- 


nystagmic persons. (c) There are reliable 
individual differences in D/M (see Table 2); 
this probably is true as well of the maximum 
rate at which eye movements can be repeti- 
tively driven by moving stripes. The two mea- 
sures should covary. 
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EMOTIONAL IMAGES AS MEDIATORS IN ONE-TRIAL 
PAIRED-ASSOCIATE LEARNING 


EDWARD K. SADALLA! Axp STANLEY LOFTNESS 


University of California, Los Angeles 


The Ss were instructed to construct images with positive, negative, or neutral 
emotional content for use as mnemonic aids in a paired-associate learning task. 
Positive and negative images were found to be superior to neutral images 
in facilitating recall for associated word pairs. No differences were found 
between the relative utility of positive and negative images. 


Th; 
Seals ju designed to assess the 
mnemonics ^ erent tyner St visual 
Paired-assochny Uy for nouns in a 
number T E ) learning paradigm. 
Dos a, © studies (e.g., Bower, 1970; 
y € Lawrence, 1968) have demon- 
hat instructions to use visual 
as mnemonic devices facilitate 
for linguistic material (usually 
nouns, or noun pairs). In such 
“s, Ss are instructed to generate a 
lit Lage which contains connected 
Dairg s presentations of the words or word 
Order 4, sented as stimulus materials. Jn 
Proces 9 clarify the nature of the learning 
ber S Involved in such paradigms, a num- 
some eo studies have investigated 
Visualiz the attributes of instructions to 
erfor ^e which are effective in promoting 
(197 pw on memory tasks. Bower 
ings of jas summarized the principal find- 
9! this research. 
ic sone prescription for visual mne- 
€vices is that the imagined scenes 
nal be “unusual,” "bizarre," or *emo- 
Y evocative" (Yates, 1966). Such 
be, 8€s were said to be more easily remem- 
Meson thus more effective in facilitating 
tions. for other material. : Recent investi- 
hic Concerning the utility of this mne- 
Mega ri e however, thus far have yielded 
Struct S results. The Ss instructed to con- 
associat bizarre” images remember the 
ir aes material no better than do Ss 
ed to compose "familiar, regular, 


Sensi 
~Sible associative scenes [ Bower, 1970 ]." 


m 


i = 
Reg S 
K, g duests for reprints should be sent to Edward 


Californiz E y 
Ca i omnia sibs Hilgard Avenue, Los Angeles, 


No differential effects are obtained when Ss 
study pictures of associative scenes which 
are rated either bizarre or regular by a 
group of judges (K. Wollen, cited by 
Bower, 1970). Few data are available con- 
cerning image recall as a function of image 
content. Silverstein (1966) reports that 
syllables paired with pleasant photographs 
are no more easily remembered than sylla- 
bles paired with neutral photographs. The 
available literature, therefore, does not 
support the validity of classical intuitions 
concerning the rules of rhetoric and 
memory. 

The present study investigates the effec- 
tiveness of visual mnemonics which vary 
in “emotional content," rather than ‘“‘bi- 
zarreness." The Ss were asked to con- 
struct associative scenes of either positive, 
negative, or neutral emotional content in 
the context of a PA learning task. To the 
extent that traditional mnemonic instruc- 
tions are valid, positive and negative images 
should be more effective as mnemonic aids. 
The data obtained from the study will be 
relevant to questions concerning the rela- 
tionship between “emotional” coding proc- 
esses and item or image retrievability. 


METHOD 


Materials and apparatus.—The stimulus materials 
employed in this study consisted of 54 noun pairs. 
The nouns were drawn and randomly paired from 
a set of nouns found to be equal in imagery value, 
concreteness, and frequency of usage by Patvió: 
Yuille, and Madigan (1968). The noun pairs were 
placed on 35-mm. slides and projected on a screen 
approximately 10 ft. in front of each S. A second 
slide projector was used to project the words, 
POSITIVE, NEGATIVE, Or NEUTRAL, which indicated 
the experimental condition. 
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Paired-associate lists.—Six lists of the same 54 
noun pairs were constructed for this study. The IE 
were formed by combining noun pairs with the three 
words designating the experimental condition such 
that every noun pair appeared in each experimental 
condition. This operation yielded three lists which 
were then ordered such that the sequence of positive, 
negative, and neutral indicators was random and 
different for each list. Three additional lists were 
formed by reversing the stimulus and response 
members of each noun pair on all three lists. The 
resulting six lists were thus constructed so that each 
noun appeared as both stimulus and response term 
in each experimental condition. 

Subjects.—Sixty-six undergraduates a t 
versity of California, Los Angeles, parti 
this experiment. 


the Uni- 
ipated in 
All were enrolled in an intro- 
ductory psychology course, and each received 
credit toward the satisfaction of a course require- 
ment for participating in the study. The Ss were 
assigned to one of the six lists by means of a block- 
randomization procedure. This procedure insured 
that each list was included once in each block of 6 
Two Ss were omitted from the final dat 
for failure to correctly indicate their 
the test phase of the study. 

Procedure and experimental design.—tn the 
text of a one-trial PA learning par; 
presented with one list of 54 noun I 
instructions were given concerning 
Which were to be used while observin 
the noun pairs. The experimental 
consisted of three different instru 
each S attempted to apply upon presentation of 
the noun pairs. The procedure thus involved a 
mixed-list presentation in which each S Participated 
in all three experimental conditions, 
cedure corresponds to a single-factor 
variance design with repeated measures. 

Each S was given standard mner 
(adapted from those described by 
to relate the two members of cach n 
the use of imaginal constructions. 
hypotheses concerning the 
mnemonics, three different types of imaginal 
codings, positive, negative, and neutral, were 
requested. The instructions given to Ss concerning 
these images were as follows: 

In the NEUTRAL condition form as strong and 
vivid an image as possible. Always produce an 
image which relates the two words which appear 
on the screen. Try not to let the image have any 
emotional content. In the rosrrivi: and NEGATIVE 
conditions try to form an image which actually 
broduces a change in your feelings. In the positive 
condition try to form an image which is extremely 
pleasurable to you, one that makes you happy 
when you think about it, It should have warm, 
good, positive emotional content. In the N 
TIVE condition, go all out and deliberately try 
to scare yourself. The wecative image should 
be horrifying and extremely uncomfortable to 
think about. 


a analy 
answers during 


con- 
adigm, S was 
pairs. Explicit 
the strategies 
g and recalling 
manipulations 
ctional sets which 


This pro- 
analysis of 


monic instructions 
Bower, in press) 
oun pair through 
In order to test 
attributes of effective 


A- 


» 
Sf 
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All Ss were given one learning trial and an ux 
trial. Prior to the appearance of each wor pee 
a word designating the experimental cone ION 
projected for 5 sec. The word pair then app i al 
for 30 sec. Five minutes after presentation Oe 
the word pairs, S was presented with one Jb m 
of each of the word p: The S was insta A 
first recall the image associated with the word, int 
to rate the vividness of that image on a VR 
scale, and finally to recall and write out the ot S 
member of the word pair associated with the imag 


RESULTS AND Discussion 


The data analyzed were the mean Rei 
ber of errors per S, the imagery ratings ae 
recalled images, and the number of 
plete failures of image recalls. An error h 
word recall was defined as any word Wr. 
did not exactly correspond to the word 5 
the original stimulus list. In many ei 
Ss retrieved words which were high? 
similar to the original item, for wee d^ 
the recall of the word “beach” instea s 
the correct word, "shore," In such leen. 
Ss apparently retrieved the original dme, 
nal encoding but failed to associate it W e 
the correct verbal term. An analysis W 26 
performed on the obtained data with be 
"near misses" counted as correct response. 
That analysis did not yield different resu 
from those described below. re 

The data obtained in this study ^ 
depicted in Table 1. The mean number is 
errors per S was subjected to an analys 
of variance for correlated means. X pho 
analysis yielded a main effect for - s 
type, F (2, 126) = 9.02, p < .001, antl 
dicating that instructions to consti ns 
emotion-laden imaginative associat ak. 
influenced performance on the PA vega" 
Instructions to construct positive and Mut e 
tive images increased recall perform 


TABLE 1 -— (RES 
sp or FAIL 
N Error SCORES, MEAN NUMBER o es 
OF Ime RECALL, AND M RS 
RATINGS FOR RECALLED IMAGES PE 


ad. 
crimental co" 


1 
Measure T mat D 
Positive | Negative 09 
p^ 
Errors 5.84 a +6 
Failures of image recall | 3.04 7:32 s 
Vividness ratings 7.45 


u 


MEDIATING EMOTIONAL IMAGES IN PA LEARNING 


J w d to construct neutral 
found - No differences. in recall were 
E. nd to result from the difference between 
7 € negative imaginal associations. 
classical ‘dings are consonant with the 
nike qp to use emotionally 
ethan mà Brunn, or bizarre images rather 
l encoding nary scenes as mnemonics for 
a tg to-be-remembered material 
ates, 1966). 

ittage — of instances in which no 
conditione reported. also varied between 
With more ce eutral images were associated 
Were eithe complete failures of recall than 
oy (2, [Me os or negative images, 
ence dn Pétri ora S S001, This differ- 
Major utm ievability accounts for the 
betwee Aia of the variation in errors 
our peres] MAT conditions. Sixty- 
Committed of the total number of errors 
image Wis oneris oni trials when no 
Correla tior reported. A Pearson rank-order 
rating 1, computed between imagery 
rho of 82 number of errors, yielded a 
that thi ae It should be noted, however, 
high us ^ relationship might be spuriously 
tating wi s of Ss confusing the imagery 
difficuli 1 information pertaining to the 

~ ty of word recall. 
in this difference between the results found 
investi, udy and those reported in previous 
result ge of mnemonic devices may 
Sign ind A differences in experimental de- 
| if erence ‘Procedure. The most obvious 
Create « Involved the use of instructions to 
. emotional" rather than “bizarre 
ointg associations. Bower (in press) 
f bis out that "bizarreness" isa poorly de- 
bj n which probably elicits diverse be- 
Post 3 on the part of an S population. 
Nithe eXperimental interviews suggested that 
Instructions utilized in this investiga- 
Brea clearly understood. and easily 
Other out by most of the participating Ss. 
Use, ia P pia differences included the 
Con, os ais study, of longer encoding times 
artici EU with a design in which each 5 
| CIpated in all mnemonic conditions. 
iia) itio variance was minimized 
e e use of nouns which were 

or imagery evoking potential. 
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The results obtained in this study indi- 
cate that given particular instructional and 
procedural conditions, Ss are significantly 
better at recalling PA items which have 
been related through emotionally evoca- 
tive imaginal associations. This conclusion 
necessarily presumes that the manipulated 
instructions affected the representation of 
PA items in memory. 

An alternative interpretation involves 
the possibility that instructions to con- 
struct emotional encodings exert their 
effect on rehearsal strategies, perhaps by 
compelling differential attention to “emo- 
tion" tagged items. Within-S designs in- 
volving instructional manipulations may 
produce a tendency for instructional sets 
appropriate to one experimental condition 
to carry over and influence other experi- 
mental conditions. The extent of syste- 
matic cross-condition influence was miti- 
gated by the use of three different randomly 
generated sequences of instructional sets. 
The possibility remains, however, that the 
range of convenience of this mnemonic rule 
is limited to contexts involving either a 
within-S or mixed-list design. Exploration 
of these procedural variations might clarify 
questions concerning the process by which 
emotion related instructional sets exert 
their influence on memory. 

Instructions to image are presumed to 
initiate a sequential coding process, which 
requires some temporal interval for com- 
pletion (Bugelski, Kidd, & Segmen, 1968). 
At the time of recall, the stimulus word is 
assumed to lead to the redintegration of a 
short autobiographical episode, during 
which S remembers the cognitive elabora- 
tions he generated while studying the noun 
pair (Bower, in press). The data from the 
present study indicate that instructions 
to create "emotional" associations lead to 
the construction of a sequence of cognitive 
elaborations which are later recalled more 
easily and with greater rated clarity. The 
ease and rated clarity of imagery recall 
are, in turn, strongly related to the proba- 
bility that S will correctly recall the re- 
sponse member of the original noun pair. 
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TRACKING OF SERIAL PATTERNS! 


FRANK RESTLE ? anp BILLY L. BURNSIDE 


Indiana University 


College students saw serial patterns of 


them by pressing the appropriate button 
ain indicator of difficulty was an error or omission 


a C-E transition) indicating that S got 
TThe data showed that (a) the beginning and 
(run, trill, or repetition) is difficult, (5) organized 
ads to far better performance than disarrangement 


light per .7 sec. The m 


immediately after a correct response (; 


off the track at that point. 
sometimes the end of a subunit 
arrangement of subunits le 


of the subunits, (c) tendencies to use runs versus trills 
of such subunits elsewhere in the sequence, (d) error 


depend upon the frequency 


patterns faithfully mirror a hierarchical org: 
a sequence deviates from a hierarchical tree, 


n the branch of the tree affected. The results 
ception of sequential patterns, and coordinated 


and (e) if a single element of 
errors are found concentrated ir 
span serial pattern learning, pe 
motor skill. 


Ma a college student is required to 
ach e a serial pattern by anticipating 
nitive ement, he develops a complex cog- 
(Ret Structure, hierarchically organized 
This Si 1970; Restle & Brown, 1970a). 
Which clusion is based on experiments in 
Dane] S predicts which of six lights ina 
fes vill come on next, and indicates each 
hina den by pushing a corresponding 
dit on. It was found that the overall 
Tel. Culty of learning a serial pattern, the 
ative difficulty of locations in the 
aij tterns, and the particular errors made, 
beja ePend upon the structure of the pattern 
1 d learned (Restle & Brown, 1970a, 
^ 1970c). Furthermore, the data re- 
Arch; the existence of complicated hier- 
» hypotheses (Restle & Brown, 
a). 


Ramet are several ways that the serial 
as | Cpation experiment may be criticized 
in sing an atypical example of serial learn- 
ne First, the elements of the serial pat- 
c: are presented quite slowly (about 4 
oed individual item) so that the pattern 
en not seem to stand out ‘ perceptually. 
musical Serial pattern learning differs from 
rapid]. patterns, which occur much more 
Y and are perceived rather than being 


research was supported by United States 

calth Service Grant PHS M H-16817. 

Restle tests for reprints should be sent to Frank 

Versity p bartment of Psychology, Indiana Uni- 
“tty, Bloomington, Indiana 47401. 


lights and attempted to track 
as the light came on, at a rate of one 


at one point in a sequence 


anization built into the sequence, 


apprehended in a more deliberate and con- 
scious manner. Second, in serial anticipa- 
tion S is required to make active antici- 
pations even before he has learned the 
pattern, and this anticipation may interfere 
with the natural process of apprehension, 
as well as imposing a structure that other- 
wise might not occur in the process. 
Finally, in serial anticipation learning, 
most of the errors are responses made be- 
fore S has found the pattern, and therefore 
may be thought to be irrelevant to the 
psychological structure of the pattern. 
These three criticisms do not totally 
invalidate the results of the earlier experi- 
mental program, but it seems useful to 
study the cognition of serial patterns by a 
second method that escapes these difficul- 
ties and todetermine if the sameconclusions 
can be drawn from this alternative method. 
The question asked, then, is whether the 
hierarchical structures found in earlier 
studies are attributed to deliberate training 
and the development of premature hy- 
potheses or if they are characteristic of 
serial pattern learning in general. Suppose, 
for example, that the structures in the pre- 
vious study were found to depend upon 
verbal rehearsal and that the patterning 
found in data arose from the use of certain 
conventional linguistic forms for the encod- 
ing and storing of information, If this were 
true, then a faster task, especially if it 
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served to inhibit verbal encoding and re- 
hearsal, would eliminate such patterning. 

The alternative hypothesis is that pat- 
tern learning necessarily involves the educ- 
tion of relationships from the elements of 
the pattern and that these relationships are 
themselves interrelated in a hierarchical 
structure. This position states, in effect, 
that the cognition of a pattern resides in the 
perception of the pattern itself, rather than 
outside in a linguistic description. 

To distinguish these two possibilities, we 
had Ss see patterns that were presented 
very fast, in a circumstance in which it was 
unlikely that verbal habit systems had a 
controlling influence. Garner and Royer 
(1966) studied binary sequences by pre- 
senting the two alternatives rapidly and 
having Ss make responses concurrently 
with the events, a process that may be 
called "tracking." Tracking, using only 
about 1 sec. per event, is so rapid that S 
is likely not to be able to control it by 
verbal means, so that any structure found 
in tracking experiments cannot plausibly 
be attributed to verbal descriptions or 
formulated hypotheses. Whatever struc- 
ture is found in tracking data can be 
attributed to cognitive processes more 
nearly intrinsic to the perception of se- 
rial patterns, not verbal description and 
elaboration. 

Whereas in anticipation learning the 
Successive responses are mainly indepen- 
dent, in tracking the various responses are 
integrated into a continuous flow. Once 
this flow is interrupted in tracking, S may 
then miss the next several responses until 
he can reestablish his "rhythm," and will 
often fail at an easy location that follows 
a difficult one. Mere frequency of failure 
is therefore not a valid indication of diffi- 
culty at that specific location, and we in- 
stead count “correct-error” (C-E) pairs, 
errors that immediately follow a correct 
response. It is also possible 
to determine where it i 
onto the track, i.e, 


r 3} ; to investigate "error- 
correct" (E-C) pairs, 


, in tracking, 
s that Ss get back 


Because tracking is fast, Ss can respond 
late. The response intervals surround the 
events themselves, and there is no separa- 


ES 


W- 


O Ta 
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tion between response intervals, so -— 
is quite possible for S to respond late, E a 
thereby place the response to Lecnrinn M 
the response interval reserved for Lee a d 
N +1. The way our apparatus was € 
grammed, if S then makes another Penn 
in that same interval, catching up Wit À ie 
sequence, his second response would m * 
recorded. In most sequences, the He E 
that S appears to have made two error fols 
succession, a blank (failure to respond) at 
lowed immediately by the response -— 
would have been correct at the Lew 4 
location, and this usually followed o" 
correct response. The exception 15, Ww 
quence in which the same response e in 
rect twice in a row, for then if S is ii "i 
responding to the first, he inadvertently 
be correct at the next location. 
Hypotheses.—Our investigation 
cognitive structure of serial tracking "s 
with four basic questions. First, are a it 
sequences divided into subparts, and bes. 
true that runs, trills, and repetitions d 
such subunits? In this initial study oo 
sought to learn what particular rr 
data correspond to such subunits, if [HE 
are different from what is seen in anticlP. 
tion learning. t 
Second, if it is at least true that p 
runs form subparts, can it be shown - 5 
tracking behavior is influenced by TEBI a 
(higher level) organization of such $ taf 
parts, as contrasted irregu 
arrangement? 


f the 
s dealt 


with an 


ipto 
Third, if sequences are organized E 
parts, are the parts fixed or are they 1a ible 
Can the choice between alternative — 
organizations be influenced by other P“ 
of the sequence? 


Finally, we studied tracking, A tree 
sequences organized by hierarchic? 


al 

vera 

In one experiment we investigateC ily the 

different versions of what is essentia as if 

same hierarchical structure, pei ape* 
anticipation learning) locations at ^: 


i 1 j st €! of 
of the hierarchical tree were “2 anothe, 
and those at its base easiest. of “fau 5 
study, we investigated the effects 


some 


. 19r 
5 tha 3 
or exceptions in the sequence, "v 
x : ee 
sequences in which all elements cio 


ca 
ne 10! 
hierarchical pattern except foro 
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TRACKING OF SERIAL PATTERNS 


GENERAL METHOD 


Round Indorum students from intro- 
dne Payeholeey courses at Indiana University 
ment ai SS these experiments, in partial fulfill- 
squads VERA requirements. The 5s were tested in 
on the m v fewer, and all Ss in a squad were tested 
Eroii sequences presented in the same order. 
5 Ss ety III, and IV used the same group of 
drawn ee LN 39 and Exp. V used 47 others, all 
Aoba the same pool, for a total of 151 Ss. 
small EIE he experiment. was conducted in a 
that cach pe four individual S booths, so 
plywood n was isolated from his neighbors by a 
each § VERLAGS. On a slanting panel in front of 
à pusi pap row of six small white event lights, with 
generator on directly below each of them. A tone 
sequence y used to warn Ss of the start of each 
controlled t he event lights and tone generator were 
Drocess-co rom another room by an IBM 1800 
sensed pol computer, and responses were 
Hanae recorded by that same device. 
Would Heae ona: I he Ss were instructed that they 
Would Bash à warning tone and then the event lights 
y Pressin i 2 a repeating pattern they were to track 
wás pu Las button under cach light as it flashed. 
must occu paa d that the button-press responsi 
Ss Were it a currently with the light flash The 
ong as En that they could watch the lights for as 
that the od wanted before starting to respond, so 
efore xs had an opportunity to learn each pattern 
n ea pending Rats 2 z 
Several ES experiment, Ss were first presented with 
Y seve repetitions of a practice sequence, followed 
Hos ral repetitions of one or more test sequences. 
Was present in the experimental room during 
Urn. ee of the practice sequences, but 
tienes Presentation of the test sequences. 
libus 5 were visually presented to Ss by flas : 
Six event lights, with each flash having a duration 
., and with .6 sec. between flashes. There 


not 


Presey 


Was 

S n sk 3 es 
i O break between successive repetitions of a 
c. rest 


sin 

ete Mence, but Ss were given a 20-s 
SPonses, PORE aie of different sequences. Re- 
from 3 a light flashes were recorded during a period 
flash ( Sec. prior to each flash until .3 sec. after the 
ü Or a total of .7 sec.), so that both anticipatory 
elayed responses were recorded. 


EXPERIMENT [: SUBUNITS 
T purpose of Exp. I was to determine 
ing ed Ss would form sequences ina track- 
tion p m as they do in serial anticipa- 
Ear ah of patterns. The sequential 
s used were composed of runs, trills, 


Nd bloc "a 
\ "locks of repetitions of the same event, 


Stray a 
nged in three different orders. 


44€ Me z 
Drac qiiod. The Ss first saw 15 repetitions of a 
sequence (12342323), which contains both 
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TABLE 1 


SEQUENCES USED IN EXPERIMENT T 
(SuBuNITs) 


Sequence 
Location 

a b c 

1 1 1 1 
2 2 2 2 
3 3 3 3 
4 4 4 4 
5 6 6 1 
6 6 6 6 
ri 6 6 4 
8 6 6 2 
9 6 6 3 
10 2 2 2 
il 3 3 3 
12 2 2 6 
13 3 3 6 
14 5 1 6 
15 4 6 6 
16 3 4 6 


24, and 24 for Sequences a, b, and c, 


=17, 
respectively. 

a run and a trill, and later? saw 25 repetitions of one 
of the three sequences shown in Table 1. These 
sequences differ only in the order of the subunits and 
in the makeup of one short subunit, which was 
either a run (543) ora “random” subsequence (164). 


Resulis.—The Ss watched the sequences 
a mean of 3.55 times through, letting an 
average of 56.8 lights flash before making 
their first tracking response. Although 
Sequence a appears the most regular, Ss 
waited longest (mean of 3.83 times through) 
before responding to it. After Ss started 
responding they were .73 correct, and on 
the last five trials they made an average of 
.]8 correct, indicating that most of the 
learning took place while 5s were watching 
and before their first response. Approxi- 
mately .90 of all errors were anticipatory 
responses, late responses, Or failures to 
respond, which suggests that Ss may have 
had a fairly clear idea of the sequence, even 


better than .73 or .78 correct might suggest. 
iiis c eet 

3 The 65 Ss who participated in Exp. I, III, and 
IV saw one of the sequences used in each of these 
speriments, all in one on. Sequences were 
gned to S by squads by means of a Latin square 
design so that, e.g, a squad might have seen Se- 
quence a from Exp. I, Sequence b from Exp. Il, 
and Sequence c from Exp. IV. No S saw more than 
one sequence from the same experiment, or more 
than one sequence repre; nted by the same letter 
(a, b, or c). The three sequences presented to a 
squad of Ss were presented in a random order. 
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SEQUENCE: 
1234666662323543 
@—e TOTAL ERRORS 

o OMISSIONS 


X(N) FREQUENT 
INTRUSIONS 
o 
* 
g o 
x x 
o Y SA x 


127534 56789 1011281415 le 


LOCATIONS 
Fic. 1. Correct-Error tr: 
each location in Sequence a 


frequency errors 
errors.) 


CORRECT - ERROR TRANSITIONS’ 


‘ansition proportions for 
- (Omissions and high- 
are indicated along with total 


The proportion most clearly 
difficulty of a given loca 
ability th 
tion, giv 
made 
tion. 


showing the 
tion is the prob- 
at an error is made at that loca- 
en that a Correct response w 
at the immediately preceding loca- 
We call this the C-E probability, 
signifying a correct response followed by an 
error, and say that S is going off the track 
with this probability. 

If tracking is like antici 
Ss will make most er 
of a run (and perha; 
at its end) and may 


as 


pation learning, 
rors at the beginning 
Ps anticipation errors 


make run-overexten- 
Sion errors after the 


end of the run, All 
of these effects are found in the data of 
Sequence shown in Fig, 1, Notice that at 
Locations 1-4 and 14-16, S is learning a 
TUn. Error frequencies decrease during the 
Tun, except at Location 4, the end of the 
long run. Furthermore, at Location 5, the 


high-frequency error is response “5,” over- 
extension of 


the run, and at Locat 
(which follows Loc. 
quent error is “2,” 
of the run. 

Our studies of antici 
not isolated a defi 


trills, except that 


ion 1 
ation 16) the most fre- 
again the overextension 


pation learning have 
nite response pattern for 
Ss frequently show some 
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run overextension errors during trills, as are 
shown in Locations 12 and 14. tom UR 
Finally, the block of consecutive a 
shows a decreasing frequency of errors n * 
near the end. The last 6 Squad qe 
missed as Ss anticipate the next event, "d 
if S does not miss that location he then A 
quently makes an extra repeated a 
From this, one may conclude that a ei 
of consecutive identical events behaves tell 
a run, except that with a run S can b 
when to terminate by noticing that We A 
ends on a particular event, whereas a xm 
of identical events has no such “mark e 
for its termination. Essentially the e^ d 
results were found in Sequences b et at 
with high C-E probabilities being foune 
all locations in the “random” subur H 
So, in summary, the C-E proportions, he. 
responding to the probability that 5 e 
off the track at each location of n 
quence, are very like the overall et, 
found in anticipation learning, and p 
supports the hypothesis that tracking a 
pends upon a cognitive structure €s 
tially like that of anticipation learning. te 
The probability of getting back SN. 
track, E-C proportions, turned out to 


60; 
.50 
-40 
30) 


.20) 


ERROR-CORRECT TRANSITION PROBABILITIES 


3 
2 
1234 66666 2 3 


UEN! 
SUBUNITS IN EXPERIMENT I SEQ 


e 
jo! 
ransition proP o... 
Average error-correct trat 5 subun! 

Ave 3 ajor S 
tions (recoveries from error) in maj 


the three sequences in Exp. I. 


Fic, 2 


E 


— N 


| 


TRACKING OF SERIAL PATTERNS 


less į s i 
of 5 joe pes The run of 4, the block 
Stracted events, and the trill, were ab- 

3 rom all three sequences, and the 
shown ^ ge averaged. The results, 
Most often 1B. n indicate that Ss do not 
ginning of Tejoin the sequence at the be- 
Second or M subunit, but instead at the 
Particular] urd location within it. This is 

arly clear in the case of the block of 


ident; 
Ical eve s 
a I events, and least clear in the case 


Expr T 

XPERIMENT II: ARRANGEMENT 
OF SUBUNITS 

While 


tra Exp. I showed how subunits affect 


cki Sieg d 
level oe it did not show that any higher- 
i ee is effective. Does track- 
the hi oo on the subunits used or also 
Subunit 'gher order patterns into which 
ll Was S may be fit? The method of Exp. 
tern "ha contrast a highly organized pat- 
arrangin i a sequence produced by dis- 
d Sturh; g the subunits, without anywhere 

?Ing the integrity of any subunit. 


is) 


i ‘hod —The 39 Ss were first presented 
> 3 petitions of the practice sequence 
repetitio, 365435454). This was followed by 
lion ions of the test sequence, which either 
éd p Sanized or not. The organized sequence, 
B4 3Y parentheses, is as follows: (1 2 3) (2 3 4) 
uns 439 (654) G43) 432) B20. 
ig maed sequence was made up of the follow- 
15 (12 gement of the same subunits: (432) 
rx 3) (654) 234) (3 2 1) (845) (543). 
iz ized sequence was given to 20 Ss, the un- 
^ed to 19, 


v Results... Higher order organization has 
n caren dramatic effect in tracking 
Waited ound in serial anticipation. The 
nize ed through 1.96 trials of the or- 
ae sequence before responding, but 
eae of the unorganized sequence, and 
hi € Showed this difference to be sig- 
aiti," t (37) = 3.8, p < .001. This long 
lon, p lue did not merely reflect cau- 
Or whereas Ss were .63 correct on the 


o 


P aR t 
of 


To. 


1 ani 
S Zed sequence after they began re- 


1 (37) 


; 


nding 
NAM U they were only .46 correct on the 
"hes w sequence. A / test on differ- 
n number of correct responses be- 
groups was significant, 
= 427, p < .001. 


ty, 
en the two 
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TABLE 2 


SEQUENCES USED IN EXPERIMENT III 
(AMBIGUOUS SEQUENCES) 


Sequence 


Location 

a & | os 

1 2 2 2 
2 1 1 1 
3 2 2 2 
4 3 3 3 
5 4 4 4 
6 3 3 | 3 
7 4 4 | + 
8 5 5 | 5 
9 6 + 6 
10 5 5 5 
11 + 4 | 4 
12 3 3 3 
13 4 4 2 
14 3 3 3 


30, 16, and 19 for Sequence a, b, and c, respec- 


—n- 


The larger number of C-E transitions 
found on the unorganized sequence was 
concentrated at the beginnings of run sub- 
units (Locations 1, 4, 7, etc.). The average 
proportion of C-E transitions at these loca- 
tions in the organized sequence was .24, 
while the corresponding proportion in the 
unorganized sequence was 43. 


EXPERIMENT II]: AMBIGUOUS SEQUENCES 


Experiment Ill raises the 
whether the organizing structures within 
subunits in tracking are fixed innate ten- 
dencies with fixed strength or whether they 
can be modified to fit details of the se- 
quence. The experiment centers around 
an "ambiguous" sequence that can be 
organized into either trills or runs. 


Method.—The Ss were the same 65 undergraduates 
used in Exp. I assigned to either Sequence a, b, or c. 
The sequences and number of Ss assigned to each 
are shown in Table 2. Notice that Pattern a can be 
organized either asa trillorasa run; Pattern b favors 
organization by trills, and Pattern c favors organiza- 
tion by runs. Also notice that the three patterns 
are very similar, differing only at Locations 9 and 13. 


question 


Results.—Particular interest centers on 
those locations, common to the three pat- 
terns, at which trill or run overextension 
errors can be made. If these organizing 
tendencies are labile, we should expect more 
trill responses in Pattern b, more run re- 
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sponses in Pattern c, and an intermediate 
frequency in Pattern a. " 
At Location 6 of all three sequences it is 
possible to make response “5,” overextend- 
ing the preceding run (123 4). The fre- 
quency of this response, as a C-E pattern, 
is .16 in Pattern c in which such run errors 
should be most frequent, .10 in Pattern b 
in which trill errors are emphasized, and 
09 in Pattern a, neutral Thus, over- 
emphasis on runs in Pattern c does produce 
an excess of such responses. DE 
At Location 8 in all three sequences it is 
possible to overextend a trill sequence, 
making response “3” after the trill (3 4 3 4). 
The frequency of this response as a C-E 
pattern in Pattern b in which such trill 
tendencies were emphasized is .08, whereas 
in Patterns a and c such responses are rare 
(.01 each). . 
The above results indicate that even ina 
Segment of the pattern that is identical 
among the three patterns, differences in 
response frequency can be found and the 
differences are in the direction expected if 
the Strength of run and trill tendencies is 


adjusted to the overall structure of the 
Sequence. 


a 4 
EXPERIMENT IV: 


A major finding 
anticipation learni 
regular distributio 
the sequence could 
hierarchical tree, 
light is one of a p 


HIERARCHICAL TREES 


from the studies of serial 
ng of patterns was the 
n of errors made when 
be described by a binary 
In such a sequence, each 
air, each pair is one of a 
pair of pairs, each such unit is one-half 
of a larger unit, etc. The Sequence 
(1212656 5) would come about by 
Starting with Event 1, then tr. 
(T) it to obtain T(1) = (12), then repeat- 
ing (R) this giving R(T(1) = 21 2) and 
then doing a mirror image (M) of that, 
yielding M(R(T(1))) = (1212656 5). 
Method.—Three Sequences of Li 
structed using the Operations of t 
ing, and mirror imaging, but in different orders. 


They are shown in Table 3, Pattern a is described 
as T (M (R(T (1)))), Pattern 


b T(M(T 1)))), 
and Pattern ¢ as T(R(M (T(1))). EES me 
acking follows the kind of 
ve structuring found with 


ansposing 


ength 16 were con- 
ransposing, repeat- 


Results.—If tr. 
complex cogniti 
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TABLE 3 


s J 
SEQUENCES USED IN EXPERIMENT IV 
(HIERARCHICAL TREES) 


Sequence 
Location 5 
T b 
1 1 i 
2 5 
3 1 2 | £ 
4 2 2 1 
5 6 6 2 
6 S 6 | & 
7 | 6 5 g 
8 5 2 2 
9 | 2 2 3 
10 3 2 : J 
11 2 3 1 
12 3 3 2 
13 5 | 5 3 
14 4 5 5 
15 5 : Á 
16 4 —] 
pspect 
Note.—n = 18, 25, and 22 for Sequences a, b, and c, T€ 
tively. 


anticipatory learning, then the most ier 
cult location will be that at which S iu 
use his highest level decision. T he bg 
level decision controls the transition nce; 
the first to the second half of the is 9. 
and a failure to respond at gtau 
The next highest level decision cor ai 
quarters of the sequence, and faults wW oe 
appear at Locations 5 and 13. N The n at 
highest level would produce dipeultien ^d 
Locations 3, 7, 11, and 15, and the lon 
level would produce difficulties at the even” 
numbered locations, ition 
In fact, C-E (and correct-zero) erm 
probabilities for Sequences a and c ee in| 
follow this predicted pattern, as is € in| 
Fig. 3. The higher the location there 
the structural tree, the more Sd ath in 
are, and this regular trend is foun 
omissions and in overt errors. uences i 
The profile of errors on these es consis’ 
given in Fig. 4, which shows Mas the 
tently the number of C-E errors Sequen?’ 
hierarchical structure of the l k as that 
This pattern of data is 2 clea | 
found in anticipation learning. 
The results in Pattern b are PA 
plete agreement with those voe 
an instructive reason. In Pat -— 
individual event is repeated 17 


t in con" 
but fo 
b each 
diatelY'| 
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a pes zi In tracking it is quite com- 
i to respond a little late, in which 
MN normally, he would be scored as an 
eges on the interval in question (having 
entr at tl Feepond) and a “perseveration” 
the dame te nezi location. However, when 
the first hs "rà follows itself, à response to 
rect in th ha s isi iin De scored as COE" 
ee is interval. This results in 
of two re nates high accuracy in the second 
that B Heian. Furthermore, it appears 
Weomigenti oe Ss to make more 
seus: ation errors than would otherwise 
ep fite this discrepancy it is clear from 
Organized DE UNE ing of a hierarchically 
Pak ere A erial pattern produces errors 
«the eS de hierarchically organized, and 
by &üficipetiur. €— to what was found 
may Conclude ti ; earning. T herefore, we 
Used to. contr qoe the cognitive structure 
the seguen yae tracking not only divides 
regular is into parts, takes advantage of 
modifiable eet of the parts, and is 
tion, the Pose the sequence; but in addi- 
velop an i racking-control system can de- 
trees ther use the. complex hierarchical 
Buenos develop with slower anticipation 
ng. 


Jer 
@—@ ALL ERRORS (C-E) 
O—O OMISSIONS (C-0) 


08 i 


ae 
oal- 


oak 


ERROR AND ZERO PROPORTION AFTER CORRECTS 


TOP 2 3 4 
LEVEL IN STRUCTURAL TREE 
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Vorrget-oa ri s eee transition proportions and 
Structural Eon transitions as a function of level in 

al tree (Sequences a and c of Exp. IV). 


12] 


08 


06 


PROPORTIONS 


ui 


LOCATIONS 


Fic. 4. Profile of correct-error and correct-omis- 
sion transition proportions as a function of location 
in Sequences a and c of Exp. IV. 


vr V: HIERARCHICAL 
FAUL’ 


EXPERD 
STRUCTURES WITH 


Consider a sequence having a completely 
hierarchical structure except for one loca- 
tion. This is, in effect, a perfectly or- 
ganized sequence except for a single fault. 
In anticipation experiments, Ss make a 
disproportionate number of errors at the 
particular location containing the irregu- 
larity, and furthermore tend to intrude the 
event that would have been correct at that 
location if the sequence had had a perfect 
hierarchical structure. This is our most 
conclusive and direct evidence of the use 
of an hierarchical cognitive structure. 

Method.—Using the procedures of the previous 
experiment, 47 new Ss each tracked one of the three 
sequences shown below: 


Sequenced 1212232365655454 
Sequencee 1212232265655454 
Sequencef 1212332365655454 


Pattern d is a regular hierarchical tree, and Patterns 
e and f have single discrepancies. Pattern e has a 
repetition leading to Location 8 where the hier- 
archical pattern would require a transposition, 
Pattern f has a discrepancy at Location 5, where the 
transposition is applied to the past event instead of 
to the whole first subsegment (12 12). 
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Fic. 5. Effects of faults in regular hierarchical 
sequences. (Differences in frequency of correct- 


error transitions between experimental (faulty) and 
control (perfectly hierarchical) sequences, 
e had its faults at 
at a high level.) 


Sequence 
à low structural level, Sequence f 


Results.—1f these Ss are using hierarchi- 
cal structures, then this should be reflected 
in the error pattern of Pattern d, which is 
regular. Pattern e should differ from Pat- 

) tern d at a single location, Location 8. 
effect is local since the discrep; 
lowest branch of the tree, the 
turbing any 


The 
ancy is at the 
refore not dis- 
other part of the tree. The 
effect to be expected of Pattern f is more 
complicated since the entire subunit, Loca- 


tion 5-8, may be disrupted. At Location 
5, where the discrepancy in the pattern is 
located, S will not have a particularly 
strong cognitive expectation until he has 
really mastered the sequence, for this is a 
relatively difficulty location (second level 
of the hierarchical tree). Therefore, errors 
may not pile up at that particular location. 
However, Locations 6, 7, and 8 are 

of the bough that was disrupted by the dis- 
crepancy, and might show more than the 
average number of errors, 

Pattern d was a regular hierarchical tree 
and showed essentially the same profile of 
C-E errors as are given in Fig. 4. Interest 
in this experiment centers upon the differ- 


branches 
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ences between d and the faulty Patterns i 
and f. Therefore, we consider ie airo 
on Pattern d to be a “control” and subtra n 
the number of C-E errors at each Dope 
of Pattern d from the number of C-E id 
at the corresponding location of erro 
or f. These excess errors attributable n 
faults in Patterns e and f are shown ! 
Fig. 5. Pat- 
The only large difference between i A 
tern d and Pattern e occurred at Loano 
8, where an abnormally high frequency 
C-E errors were made on Pattern 2 
Furthermore, a very high proportion z 
these errors, .18 of .39 in fact, were respon 
"3," which is the event that would s : 
been there if the pattern had been perfec 2 
regular. The results of tracking Pattern € 
therefore, conform perfectly to what i 
be expected if Ss use hierarchical cogniti 
structures to track patterns like this. — 
As expected, Pattern f did not ipn M 
particularly high frequency of errors at Ads 
location containing the fault, but did n 
duce rather large discrepancies betw : 
Pattern d and Pattern f at. Legio 
throughout the subunit containing Es 
fault (Locations 6, 7, and 8). No po 
proportion of any particular error W 
found at these locations. that 
The results of Exp. V clearly show thar 
Ss are using hierarchically organized ee 
nitive structures in tracking these are 
quences. When a low-order event A 
changed, Ss make a great many errors P 
that location, and the errors they noke 
sist of filling in the response that he ha 
archical structure generates. When a me 
order event is changed, errors are daret 
at all locations in the subunit conta!n"? 
that changed location. ;chol- 
It would seem natural for many PS, the 
ogists to agree that Ss “pee alized 
serial patterns, but to apply a gen abs J 
“gestalt” theory. In this amen, the 
appears to be a study in nee ien of an 
tendency to regularize the percept level © 
irregular pattern. However, Ht m expect 
theory were sufficient, we shou! his pro" 
that Patterns e and f, each of seed of the 
duced by changing a single kc equiv 
same regular pattern, would pro 
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alent experimental results. The concept 
of hierarchical tree structure, on the con- 
trary, points out that the faults in Patterns 
oe f are at structurally different points 
ouk Ba eripe and should have quite differ- 
of the bein a id on behavior. The results 
bn c periment clearly indicate that the 
PA ane ef faults in the pattern result in 
S. Thi erent kinds of error on the part of 
the a is not enough to prove 
utr ih 2. theory of hierarchical trees, 
Onedlevel u^ nuron to prove that a simple, 
the sau e ea of pattern or organization of 
ence is not adequate. 


DISCUSSION 


ann Erie reported in this article con- 
5" [e aee Rue of the main results reported 
and ird and Brown (1970a, 1970b, 1970c) 
earning la with regard to serial pattern 
C&torg plene eger All of the main indi- 
Pattern ] Cognitive structure found in serial 
beet d. earning have now also been shown to 
gests th; This strongly sug- 
5 result of 


serial tracking. 
slow, ¢ at the findings are not the resu 
ion Ue ee verbal encoding and manipula- 
instead the events in the serial pattern, but 
Serj ad result from a rapid process by which 


al Information is organized. 
ong and learning serial patterns.— The 
Patten. mea”) fi ; that the processes of serial 
Pattern organize ion are closely related to 
Percepti perception, and consequently to the 
Orgami, ion of music, poetry, dance, and other 
ad Serial patterns. The earlier efforts 
(Restle = emn pattern learning to music 
herefon 1970; Restle & Brown, 1970a) are 
à € supported. 
ain eing as an integrated skill.—The second 
With ap Picaro of these results has to do 
tía ens tae ofa skilled task. The task 
Tren ing the lights in this experiment, to Si 
Ttainly seems demanding and requires a 


irly h: ng and c 
at ie high degree of ‘coordination’ of motions, 


Tesu 


t resembling coordinated skills. 
Rardin findings suggest three hypothes r 
First 3 tie nature of such a coordinated skill. 
inue perception of the required pattern 
& the tet since our 5s learn more by observ- 
NI pattern than trying to perform it. 
teuta such skills are controlled by a rule 
, dividing the task into subunits each 


es re- 
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of which is governed by a simple rule system. 
Subunits, in turn, may be related to one 
another by higher order rules, and learning 
proceeds far more rapidly and to a higher 
asymptote when a coherent overall organiza- 
tion exists, than when the same subunits are 
disarranged. The subunits of a task are not 
at all arbitrary, but instead depend upon the 
inner structure of the task itself, that is, upon 
the degree to which the elements of the task 
are objectively arranged according to a rule 
system. 

The third main hypothesis is that such rules, 
for the generation of a complex sequence, can 
be organized into a hierarchical tree, and that 
the learning and performance of a task depends 
upon the nature of that tree structure. The 
most difficult points or transitions in the task 
will correspond to the major divisions of the 
tree. Furthermore, if the actual task deviates 
from a coherent tree in a specific way, Ss are 
likely to concentrate their errors at this dis- 


and all other parts of the sequence 


crepancy 
ationship 


that have an intimate structural rel 
to the discrepancy. 

The central theoretical importance of the 
structural hypotheses put forward in this work 
is illustrated by the fact that the same concepts 
with equal appropriateness, in the 
learning, and motor 
leap across the 
psychological 
as the means 
al theory 


are used, 
description of perception, 
skill. Such ideas, that 
chapter divisions of conventional 
thought, may eventually serve 
for integrating a general psychologic: 
of behavior. 
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DETERMINANTS OF I 


NDUCED AMNESIA 


IN SHORT-TERM MEMORY : 


DOUGLAS K. DETTERMAN 2 
University of Dayton 


In two experiments, Ss were required to free recall i 
Some of the lists contained a critica 


common objects. 
nudes, in place of the middle item. In 
hearsal, rate of presentation of list items, 
item were varied. The criti 
panied by substantial 
tions minimizing rehearsal h: 
anterograde amnesia. Fa J 
amnesia while longer exposure duration 
retrograde amnesia. These results wer 
causal factors for retrograde and antero; 
seemed best explained in terms of 
terms of encoding failure. 


ad no effect 


In some memory and learning tasks, 
when an unusual or outstanding critical 
event occurs in an otherwise homogeneous 
seriesof events, memory for the outstanding 
event is facilitated; ie. a von Restorff 
effect occurs (Wallace, 1965). In addition, 
memory for events before and after the 
critical event is often markedly impaired. 
This impairment is demonstrated by com- 
paring retention of lists with critical items 
to that of those not having a critical item. 
This decrement in memory, referred to as 
induced amnesia, has been suggested as 
an experimental analog to clinical amnesia. 
everal investigators have reported de- 
crements in retention of items surrounding 
a critical item (Jenkins & Postman, 1948; 
Tatuno, 1961), but Tulving (1969) 
the first to explicitly demonstrate induced 
retrograde amnesia. Before participating 


in a free-recall task, Ss were instructed to 
remember a high-pri 


Ority critical event 

! À portion of this report is based on a dissertation 
submitted to the Department of Psychology, Uni- 
Versity of Alabama in partial fulfillment of the re- 
quirements for the PhD degree. Portions of the 
research were Supported by a grant from the Univer- 
sity of Dayton to the first author. I wish to thank 
Norman Ellis who Suggested the second experiment, 
the reviewers whose very thorough efforts led to 
many useful Suggestions for improving the original 


manuscript, and Kay Smith and her staff for their 
assistance, 
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cal item produced a von Restorff effect 
anterograde and retrograde induced 


ter rates of presentation increased onl 


retrieval failure and an 


NORMAN R. ELLIS 


University of Alabama 


ts of line drawings of 
item, a photograph of 
addition, instructions regarding re- 
and exposure duration of the critical 
accom- 
Instruc- 
but increased 
y anterograde 
ncreased only 
uggesting separate 
Retrograde amnesia 
terograde amnesia in 


amnesia. 
on retrograde amnesia, 


s of the critical item i 
€ interpreted as sı 
grade amnesia. 


(the name of à famous person) if it oc- 
curred in any of the lists of common nouns 
they were presented. T hough a retrograde 
amnesic effect was obtained, there was only 
a slight indication of an anterograde per 
Saufley and Winograd (1970) have rep 4 
cated these results without giving Ss. P 
cial instructions to remember the critica 


item. P 
Ellis, Detterman, Runcie, Meewa 
and Craig (1971) demonstrated larg 


amnesic effects using a somewhat different 
procedure. Instead of having Ss remember 
high-priority events, they used photograph: 
of nudes as critical items, Their first €x 
periment employed a free-recall task an 

demonstrated both anterograde and did 
grade effects, Only anterograde pep 
was found with a recognition task in t^ 

Second experiment, 


Theoretical Explanations 


;po- 
In light of available data, several hy Me 
theses might reasonably account for 
amnesic effect, h- 
yc cm (1969) hyper 
esis that the retrograde amnesic ue tion 
resented a disruption in consoli ae 
Processes is consistent with two pue 
from his experiment. First, o ne de 
before the critical item were cxt 
pressed, and, second, as rate of pre 
tion decreased, amnesia disappeared. 


| 
| 
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Bit ne Jenkins and Postman (1948) 
&fifical 3; the outstanding qualities of the 
Bank 2 = withdrew attention from sur- 
hio ment a items which led to 
ies cm arsal and poorer retention of 
ied ee position similar to the 
Much Ham ct was suggested by 
ionis x: 9) and states that total reten- 
de SS iR of length of time allowed 
Ce c a Though rehearsal may be 
a list exa istributed across items within 
lists. "Unlik retention is constant across 
total Pe oa the rehearsal hypothesis, the 
Pantin puce implies that superior 
Pensated : the critical item will be com- 
ties or by a deficit in retention of 
retentio ing items resulting in equivalent 
items d lists with and without critical 
cede he rehearsal hypothesis does not 
Point oF y imply compensation to the 

[C AL ant retention. 
rejected : and intake. Ellis et al. (1971) 
Cause of tie consolidation hypothesis be- 
Position two findings inconsistent with the 
aiiterons. Their experiments demonstrated 
ther amnesia and suggested item 
md han time dependence of the effect. 
Sons UE for anterograde amnesia by 
the aoe processes would require that 
Tetro, ical item act forward in time. Both 
thon and anterograde amnesia were 
Same n to be item dependent because the 
is umber of items were included in the 
iiu regardless of rate of presentation. 
ime to this finding, consolidation 
Deng Sses are usually viewed as time de- 
ions c^ Alternate and separate explana- 
retro were advanced for anterograde and 
grade amnesia by these investigators. 
aon mutans hypothesis was employed to 
p E for retrograde effects. This ex- 
lie soda did not appear appropriate for 
ien "riri san effect since use of a recogni- 
i: sd where rehearsal was thought to 
omina y eliminated retrograde but not 
ude qu amnesia. Increase in magni- 
tation Low with faster rates of presen- 
Was es a an encoding deficit. It 
Critical stu ated that recirculation of the 
item through the limited capacity 
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primary memory preempted intake of the 
following items. 

Retrieval and transfer —On the basis of a 
review of the literature concerning clinical 
amnesia, Ervin and Anders (1970) con- 
clude that retrograde clinical amnesia re- 
sults from retrieval failure because affected 
patients demonstrate "islands" of intact 
memory, recall missing information under 
certain conditions, and often regain ''lost" 
memories with passing time. In cases of 
anterograde amnesia, sensory and primary 
memory processes appear normal but at- 
tempts to recall material which has been 
"out of mind" for any appreciable period 
generally fail. This observation suggests 
a deficit in the ability to transfer material 
from primary to secondary memory. 

In summary, induced retrograde amnesia 
can be viewed in terms of consolidation, 


rehearsal, or retrieval processes. Antero- 
grade amnesia could involve rehearsal, 
The pre- 


encoding, or transfer processes. 
sent experiments tested these possiblities. 


EXPERIMENT I 


If induced retrograde or anterograde 
amnesia is related to rehearsal, those opera- 
tions which attenuate rehearsal should also 
reduce the amnesic effect. In this experi- 
ment faster rates of stimulus presentation 
and instructions not to rehearse were used 


to minimize rehearsal. 


Method. 


Subjects and procedure.—College students from 
eight psychology classes served as Ss. The four 
treatment groups shown the first set of lists were 
composed of students enrolled in introductory 
psychology courses. A replication, with a second 
set of lists, used students in upper-level psychology 
courses. Each group participated during its regular 
class period and all students who reported for class 
were tested. To facilitate analyses, Ss protocols 
were randomly selected in order to constitute groups 
of 40 each. All Ss were naive except 9 who had 
participated in a similar study. 

Twenty different lists of 15 items each were 
presented in a free-recall paradigm. All items in 
the list, except the critical item, were line drawings 
of common objects (e.g., hat, pill, pencil sharpener). 
Of the 20 lists, 10 were experimental and contained 
a critical item at the eighth serial position. The 
critical items were photographs of groups of male 
and female nudes, with exposed genitalia, taken from 


=" 
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“sunbathing magazines" The experimental lists 
containing critical items were selected randomly 
with the following restrictions: a critical item could 
not appear on the first trial; no more than three 
successive trials could be composed entirely of 
homogencous items; and no more than three suc- 
cessive trials could contain a critical item. A critical 
item appeared in Lists 3, 5, 6, 9, 11, 14, 15, 18, 
19, and 20. The remaining 10 control lists were 
composed entirely of line drawings of common 
objects. 

The stimulus lists were photographed on 16-mm. 
film, one stimulus item per frame, with additional 
frames inserted as a ready signal before the onset 
of each list and after each list as a signal for recall. 
During testing, the film shown to each class 
with a projector (L-W Model 800), modified to 
allow the presentation of a single frame for an 
interval specified by E. The presentation of each 
of the 20 lists, then, was as follows: three frames for 
the word "Ready," the presentation of 15 imulus 
items, and five frames of the word "Recall." On 
the third “Recall” frame, the projector was stopped 
for 1 min. to allow for recall. The Ss wrote their 
Tesponses on prepared answer sheets in any order 
they wished. 

The design employed four experime 
ina 2xX2xX2x1s5 complete facto: 
of presentation (.75 or 1.50 si 
instructions (instructed or n 
list (control lists composed e 
items or e rimental lists containing a critical 
item at Seria Position 8), and Serial Position 
(Serial Position 1-Serial Position 15) were the 
variables of primary concern. Rate of presentation 
and rehearsal instructions were varied between Ss, 
The others were varied within S. All Ss were given 
Standard free-recall instructions. In addition, that 
half of the Ss given rehearsal instructions were told 


to think only of the item being presented and no 
other. 


ntal groups 
rial Rate 
ec. per item), rehearsal 
ot instructed), type of 
ntirely of homogeneous 


Results 


Scores for analyses were number of cor- 
rect responses at each 
Though no instructions were given regard- 
ing the correct response to be used for 
critical items, Ss seemed to have no trouble 
in selecting an appropriate label. Re- 
Sponses given to indicate the critical item 
ranged from “people” to more descriptive 
phrases. Since a preliminary analysis 
showed that the amnesic effect decreased 
over lists, only the first five lists for each 
type of material were considered in sub- 
sequent analyses, The attenuation over 
lists was prol ably due to adaptation to the 
critical item and influenced all conditions 


serial position, 
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equally so group relationships were heri 
changed. Analyses were conducted Ta 
rately on items occurring before (Esae 
Positions 1-7) and after (Serial Position 
9-15) the critical item, excluding a 
critical item. Serial Position 8 was S 
cluded from analyses to preclude e 
tions irrelevant to the assessment of Ton 
amnesic effect which would be created M 
superior retention of the critical item 
Analyses were conducted separately i 
positions before and after the critical po 
because anterograde and retrograde € 
sia may be related to different factors. ÉD 
the following analyses, the replication A 
volving different lists was Miefuded ds o 
factor but was not involved in any signif 
cant effects. T 
In some of the previous work concerning 
induced amnesia, researchers have statisti- 
cally demonstrated the effect by testing E 
significant differences between the Sing i 
item preceding or following the entend. 
item and the corresponding item in the ~~ 
trol list. This procedure amounts i 
analyzing an interaction before it has i 
Shown to exist. Although this appena 
seems justifiable on the basis of a pno 
hypotheses concerning induced capri 
statistically more conservative tack wou 
be to demonstrate that items before Of 
after the critical item are less well pemen” 
bered, on the whole, than corresponding 
items in control lists. In addition, the 
closer an item is to the critical item, the 
larger the amnesic effect should be. The 
Serial Position x Type of List interaction 
best represents this state of ae 
Though only the Serial Position X a y 
List interactions. are reported, in wed 
case the results are consistent with ro- 
conservative comparisons. For one 
grade and retrograde effects and their ee 
action with other variables, gee 
based on an analysis of the item CE ser 
items most adjacent to the epe of 
agree perfectly with those based only 
the appropriate interaction. o vari 
Figure 1 shows the effects of the tw S Hoe 
ables of principal concern, rehearsal E 
tions and rate of presentation, Both 
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e seemed to have the expected effects 
of limiting rehearsal as evidenced by in- 
rey recall over the first seven serial posi- 

ns with the faster rates of presentation, 
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F (1, 312) = 31.5, p < .01, and when Ss 
were instructed not to rehearse, F (1, 312) 


= 5.5, p < .01. As demonstrated by a 
Serial Position X Type of List interac- 
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tion, both retrograde, F (6, 1,872) = o 
p «.01, and anterograde, F (6, 1,872) 
= 69.1, p « .01, amnesia are present and 
tantial. 
dpsce m to limit rehearsal had no 
effect on retrograde amnesia. They did, 
however, influence anterograde amnesia as 
indicated by the Serial Position x Type 
of List X Rehearsal Instructions interac- 
tion, F (6, 1,872) = 2.3, p < .05, but in 
the direction opposite to that which would 
be predicted from a rehearsal hypothesis. 
The Ss instructed not to rehearse demon- 
strated more severe anterograde amnesia. 
This effect was greater for serial positions 
adjacent to the critical item. i 
The Serial Position X Type of List 
X Rate interaction, F (6, 1,872) = 3.0, 
p < .01, indicated that slower rates of 
stimulus presentation led to more profound 
retrograde amnesia. This finding is incon- 
sistent with Tulving’s (1969) results and is 
opposite to predictions made on the basis 
of a consolidation hypothesis. The effect 
of rate of presentation on anterograde am- 
nesia is only marginal, F (6, 1,872) = 2.0, 
P < .06, but it would seem that it is just 
the opposite of that found for retrograde 


amnesia, Faster rate induces more severe 
anterograde amnesia, 


According to 
lists containing 
recalled, overall, 
taining 


the total time hypothesis, 
a critical item should be 
as well as those not con- 
a critical item, This was not the 
case. Lists of homogeneous items showed 


an average total recall of 43% while for 
lists with critical items recall was only 37%, 
a highly significant difference, F (1, 312) 
— 2842, p « .001. 


A separate analysis was conducted on 
Serial Position 8 ai 


nd showed that retention 
of the critical item 


was in part, dependent 
on rate of presentation. The slower rate of 


presentation led to Superior retention of 
the critical item. 


Experiment II 

Experiment I su 
amnesia becomes n 
rates of presentati 
true for anterogra 


Sgests that retrograde 
Nore severe with slower 
9n while the opposite is 
de amnesia, Faster rates 
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lead to more severe anterograde effect 
All of the experiments in which E 
amnesia has been demonstrated have mee 
founded the presentation rate of list iter | 
with the exposure duration of the care 
item. It seems possible that the magnitu : 
of the two amnesic effects are really are 
sions of these separate variables. In | 
experiment exposure duration of the d 
item was manipulated independently 
presentation rate of the list items. 


Method. 


S 
Subjects and procedure.—The Ss were 80 Ors 
from psychology classes who participated in Beate 
of 6 or fewer. Half of the Ss were us d to replici 
the experiment with a second set of lists. Em 
The apparatus and procedure were the ioi ‘lists 
Exp. I with two exceptions, First, only CAT 
were presented. The first list was for peaches lists 
was not scored. Half of the remaining ee 
contained a critical item at the eighth serial pO tU 
asin Exp. I. Second, a modification of the SPP t i 
was made so that exposure duration of the co al 
serial position could be fixed independently 
presentation rate of other list items. o sca sd 
The design of the experiment was a 2 X ‘on of 
X 15 complete factorial. Rate of presentato. : 
list items appearing in Serial Positions 1-7 and ds 
C5 or 3.0 sec. per item) and exposure duratio ee 
items at the eighth serial position (.5 or 3.0 type 
were between-S variables. Serial position and à s 
of list (control lists composed entirely of Home a n 
ous items or experimental lists with a critical I " 
in Serial Position 8) were within-S variables. 


ing 
i 5 < A h xgarding 
this experiment, no instructions were given rega 
rehearsal. 


Two of the four 


groups formed by this design sine 
all items at the same rate of either ,5 or 3.0 sec- the 
item. The other two groups saw the item 3b 
eighth serial position for a duration different. any 
other list items. Note that for these Bt? was 
item, either a critical or a homogeneous ro th 
shown for a different duration if it appeare rovi 
eighth serial position. This was done to P might 
control for differences in performance tha. group? 
result from changes in rate. One of wa the list 
then, saw the eighth item for 3.0 sec. M ie othe" 
items at a rate of .5 sec. per item. For 

group the rates were reversed. 


Results 


Sage dd 
Analyses were conducted, as on bu 
on the number of items correctly ut 
at each serial position and separa critic? 
those items before and after jan differ" 
item. As in Exp. I, no significan 
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i resulted from the use of two different amnesic effects are present and substantial. 
i Side-by-side comparisons show the effects 
Figure 2 2 shows the results fr each group. of lengthening exposure duration of the 
gain, both retrograde and anterograde critical item while presentation rate of list 
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ja p tation rate of list items (LI). 
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items is held constant. Top to bottom 
comparison shows the results of lengthening 
rate of presentation of list items while 
holding exposure duration of the critical 
item constant. These comparisons clearly 
demonstrate that retrograde amnesia grows 
more severe with increases in exposure 
duration of the critical item but that antero- 
grade amnesia is lessened by increasing 
rate of presentation of list items. That 
exposure duration of the critical item is the 
sole determinant of retrograde amnesia is 
indicated by the Exposure Duration X Type 
of List X Serial Position interaction for the 
first seven serial positions, F (6, 432) 
= 24, p < .05. Presentation rate of list 
items is not involved significantly in 
any of the interactions which define 
retrograde amnesia. Similarly for antero- 
grade amnesia only presentation rate of 
list items influence the magnitude of the 
effect as indicated by the Presentation R 
X Type of List X Serial Position interac- 
tion, F (6, 432) = 2.3, p < .05. 
interaction defining the effect and 
exposure duration of the critic 
the last seven serial positions is 
Unlike the results of I 
the critical item is no 
magnitude of the retri 


ate 


Again no 
involving 
al item for 
significant, 
=xp. I, retention of 
t directly related to 
ograde effect. 


Discussiox 

Two findings from th 
most directly on explanations of both retro- 
grade and anterograde induced amnesia, 
First, limiting rehearsal had no predictable 
influence on the amnesic effect, In Exp. I, 
instructions to limit rehearsal appeared to 
be effective because Ss who were so instructed 
remembered fewer early items than those who 
were not. This result would be predicted 
from most theories suggesting rehearsal as an 
important process in memory, Though re- 
hearsal seemed effectively limited, this had no 
major influence. on induced amnesia. Al- 
though when rehearsal was minimized, antero- 
grade amnesia did become more severe, this 
result would not be predicted from a rehearsal 
hypothesis, It might be that 5s attempt to 
follow instructions to minimize rehearsal fur- 
ther complicated an already difficult task. 
This additional complication may well account 


ese experiments bear 
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for the larger amounts of induced anterograde 
amnesia demonstrated by Ss instructed "eA 
rehearse. Certainly if rehearsal processes es 
involved in the amnesic effect, changes z 
those processes should have resulted in d 
substantial differences than those found Rm 
For this reason, it seems unlikely that eit "s 
retrograde or anterograde induced ru dar 
can be accounted for by any hypothesis base 
on rehearsal processes. tal 

This argument also eliminates the a 
time hypothesis as an explanation of ere 
induced retrograde or anterograde Vues, 
since the empirical relationship that equivale? 
study times result in equivalent caret 
regardless of the distribution of that time E 
generally accounted for on the basis of is 
hearsal processes. The present findings ts WE 
Offer an exception to the empirical relatio à 
ship. When lists were presented for the sam 
amount of time, lists not containing à bipes 
item were better remembered than those Co" 
taining one. r 

The second finding having Hngikaunh, = 
theoretical explanations of the amnesic ef "i 
is that anterograde and retrograde amd 
are determined by different variables. dx 
would seem to suggest that anterograde ur 
retrograde amnesia may be related to differe 
processes, 


for 


Induced Retrograde Amnesia 


T s TP rate 
Severity of retrograde amnesia is not ur 
. c s 
dependent but directly related to expo j 
duration of the critical item. me 


In E» = " 
zi onde 
amount of retrograde amnesia was depende? 
upon rate of 


presentation. However, a 
Exp. II, when exposure duration of the eue 
item was manipulated independently of hat 
Presentation rate of list items, it was found gu 
retrograde amnesia depended only on P eat 
duration of the critical item. Rate depen hesis 
is central to the consolidation hypo it 
suggested by Tulving (1969), and ration 
does not appear to hold true, this expla — 
seems inadequate as an account of pro 
involved in retrograde amnesia. . 
The retrieval hypothesis is the only pee 
ing explanation considered which is Though 
of accounting for retrograde amnesia. jrovide 
exclusion of other hypotheses may ene 
Strong support, there are three pce com 
of evidence that make this position T retention 
pelling. Amnesic severity related M. yr 9 
of the critical item, the constant n 


main- 


+ 5 
pee 


———— 
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Es pg. in the effects in a given experi- 
Ease failure to demonstrate retrograde 
AA AN a recognition task would all 
Gf etre ker e for retrieval failure as the origin 
is reed te amnesia. That amnesic severity 
indicateq Ni EECER RIDE of the critical item is 
ments, iub ave findings from these experi- 
Was retain si I, the better the critical item 
effect, While i E. greater was the amnesic 
the eritiGuT ite xD: II exposure duration of 
un a Kem was related to the magnitude 
earlier bis amnesia. For reasons cited 
tion pret D aa of rehearsal or consolida- 
explanatic E do not appear to be appropriate 
Seem to 7 js for these effects. This would 
We can end out any reasonable explanations 
1 in ggest which involve encoding or 
Ellis d mechanisms, leaving only retrieval. 
amnesia es (197 1) point out that retrograde 
regardless of nfluenced a fixed number of items 
Servation 2 severity of the effect. This ob- 
n both ok upported by the present findings. 
the E p cie it would appear that only 
Involved į ems before the critical item are 
Processes um the amnesic effect. Since encoding 
than rata Reel to be more. time-dependent 
i ieval processes, again retrieval pro- 

5 seem the best explanation. Ellis et al. 
d also found no retrograde amnesia when 
they ar tbn task was employed. Though 
Fun i Pied for this finding in terms of 
ask, xs rehearsal demands in the recognition 
l'etriey. peek a case could be made for minimal 
thre, í demands. Though any one of these 
Strong nee may not, by itself, make a 
D A for retrie zal failure as the origin 
are difi grade amnesia, taken together they 

p, cult to explain otherwise. 

ieva Eh these findings may implicate re- 
uea no as important in the origin 
Provide ed retrograde amnesia, they do not 
that i a mechanism for the effect. It may be 
item ate distinetive qualities of the critical 
in som terfere with retrieval of preceding items 
E Way. This position seems very similar 
(1979) lypothesis recently advanced by Meyer 
the pe for the effects of ECS on 
z Rather than 


to account 
ctin call of long-term habits, ! d 
Cong E as massive punishment or disrupting 
olidation, Meyer views ECS as inhibiting 


ace 
ess f > 
SS to still existing engrams. 


1, 
di 
(ced Anterograde Amnesia 


Wi 
He regard to induced anterograde am- 
a, those hypotheses implicating encoding, 
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which involves those processes which occur 
before storage, seem most reasonable since 
magnitude of the effect is directly dependent 
on rate of presentation of list items. Ellis et al. 
(1971) suggest that the critical item preempts 
primary memory and limits the intake of suc- 
cessive items. Ervin and Anders (1970) 
believe that clinical anterograde amnesia 
reflects a failure to transfer items from primary 
to secondary memory. If the Ervin and 
Anders hypothesis is relevant, it should not be 
possible to demonstrate induced anterograde 
amnesia in primary memory as Ellis et al. 
would predict. The only evidence bearing on 
this point comes from experiments by Tulving 
(1969) and Saufley and Winograd (1971). 
They introduced critical items in Serial Posi- 
tion 14 of a 15-item list. These last items in a 
list are generally thought to be fairly pure 
reflection of primary memory. In three of the 
five cases reported, memory of the fifteenth 
item was better than in lists with no critical 
item. For the other two cases it appeared to 
be close to the same. These results suggest 
that induced anterograde amnesia may not be 
demonstrable in primary memory and seem 
to favor the hypothesis that anterograde 
amnesia results from a failure to transfer 
items from primary to secondary memory as 
Ervin and Anders suggest. It should be 
pointed out that in neither of these studies 
were consistently reliable anterograde effects 
found. In any event more explicit tests of the 
two positions are required. 

These experiments suggest that the caus 
of induced retrograde and anterograde amnesia 
are different. Retrograde amnesia appears to 
result from an inability to retrieve stored in- 
formation and anterograde amnesia from an 
encoding failure. A major question left un- 
answered is why these results differ from those 
obtained by others (e.g., Tulving, 1969). The 
most obvious difference between experiments 
type of critical item used. Photo- 


has been the 
graphs of nudes are different in many ways 
from the verbal materials which have more 
been used to demonstrate induced 


commonly 
Perhaps an explanation of what 


amnesia. 
makes something outstanding would also lead 
to an understanding of the processes involved 


in induced amnesia. 
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ENCODING AND RETRIEVAL IN VISUAL MEMORY TASKS? 


NANCY FROST? 


University of Washington 


Four studies examined memor: 
pictures, 


es exai y for visually and semantically categorized 
Stimuli were designed so that recall organization could be based 


on i the other, or both types of categories. Free recall of. picture names 
anc recognition were performed by Ss who expected either recall or recognition 
memory tests. Those Ss expecting recognition recalled by combining visual and 


Semantic categories 


and could efficiently—in terms of R'T—perform a visual 


recognition task. The Ss who expected recall, however, clustered by semantic 
categories only and were efficient only in name recognition. It was concluded 
that pictures are encoded differently depending on task expectation. Parallel 
access of visual and semantic memory codes occurs; but when recognition 
Is expected, a visual cue provides faster access, and when expecting recall, 


verbal access is more efficient. 


Tyni , 
the Ypically, psychologists have studied 
(LT organization of long-term memory 

) in terms of verbal stimuli. Bous- 


Prefe (1953) noted that, left to his own 
; “rences, S would recall a list of words 
Sir Sroups (or clusters) of semantically 

Milar items, ) 


hay, : 
tah Noted both category and word-asso- 


ipie similarities designed into nonsense 
1959) (Bousfield, Berkowitz, & Whitmarsh, 
Sests t he accumulation of evidence sug- 

^at LTM is semantically organized 
Adult Ss 


e £ Words according to their associa- 
eani; Sorical, and even idiosyncratic 
Cohe ngs (Bousfield & Bousfield, 1966; 

n, 1963; Mandler, 1967; Tulving, 


1962 i 
; and Ss can remember nonverbal 


Stimųj; 
uli, e.g., nonsense shapes, better when 


lose gt; S 
Rene Stimuli have descriptive verbal labels 
M encoding or retrieval (Ellis, 1968). 
1 
c Experiment I, II, and III are based on research 
Ssa od at the University of Oregon. Funds for 
Res les Computer use were provided by the Advanced 
ogg cet Projects of the Department of Defense, 
Search red by the Air Force Office of Scientific Re- 
Dess under Contract F44620-67-0099, principle 
ly s sator, Ray Hyman. The support for Exp. 
Omice of provided by the United States Air Force 
Grant A Scientific Research, Air Systems Command 
of wt AFOSR 70-1944 to Earl B. Hunt, University 
ashington. 
F ose, este for reprints should be sent to Nancy 
P ince. who 15 now at Department of Psychology, 
ton University, Princeton, New Jersey 08540. 


Several studies have attempted to inves- 
tigate organization effects in the memory 
for visual stimuli. Bousfield et al. (1959) 
used a clustering paradigm to study free 
reproduction of complex geometric shapes. 
The shapes were categorized by arbitrarily 
selected geometric subshapes. Their Ss 
did not cluster according to the shape cate- 
gories until several study-test trials had 
been performed. The authors’ conclusions 
imply a verbal recoding hypothesis of the 
visual elements in each stimulus. Byrne 
and Brooks (1970) looked at ordered, rather 
than free, recall of the names of objects in 
picture composites. The objects were 
organized into a scene where the spatial 
organization of items conflicted with a 
categorical arrangement of item names. 
They found evidence that Ss searched an 
image of the composite while classifying 
names. Two studies have used pictorial 
stimuli in clustering paradigms. Scott 
(1967) demonstrated that pictures can in- 
deed be recoded and organized according 
to their verbal labels. Frost (1971) used 
pictures of common objects categorized not 
by semantic characteristics, but by the 
visual similarities of the pictures them- 
selves. Her Ss clustered according to the 
similar shapes of the drawings while free 
recalling the names of the pictured objects. 

The latter study (Frost, 1971) empha- 
sizes a notion overlooked by some re- 
searchers—if we are capable of remember- 
ing large amounts of visual information (as 
in the picture recognition studies of Shep- 
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ard, 1967; Standing, Conezio, & d 
1970), there may be an appropriate visua 
means of organizing and thereby retrieving 
that information from memory. Certainly 
the Byrne and Brooks (1970) and the Frost 
studies indicate that given no choice in the 
matter, Ss can and do organize their recall 
from LTM according to spatial relation- 
Ships within or among the stimuli. A 
verbal organization hypothesis seems in- 
sufficient to explain these results. . 

In one sense, Frost's (1971) study avoids 
the question of semantic contributions to 
free-recall organization by giving Ss no 
Semantic list structure with which to deal ; 

Byrne and Brooks (1970), too, forced their 
Ss to recall according to spatial, not seman- 
tic, order. In another sense, however, the 
very fact that their stimuli were verbally 
encodable may explain the difference be- 
tween the Bousfield et al. (1959) findings 
and Frost's visual clustering study. 

The following experiments begin an in. 
vestigation of the relationship between 
semantic and visual memory, Specifically, 
they attempt to stu contributions of 
Semantic and vis to the memory 
for pictures which are categorized both by 
shape and by name. Questions of interest 
are three: 


f 


al and sen 
does organization along 


one stimulus di- 
mension (either visu 


al or Semantic) pre. 
clude the use of other categorizations? (b) 


Are both visual and semantic codes for a 
single item stored in LTM? (c) If. both 
codes are maintained in memory, how are 
they accessed? The questions are ex- 
amined in terms of two retrieval processes, 
free recall and recognition, which typify the 
larger part of our daily memory tasks. 


EXPERIMENT | 

Where two 
in the stimul 
bilities for tl 
Each possibil 


schemes of organiz 
us set, there 


Nose schemes 
ity is the basi 
SS in free reca. 


ation exist 
are three possi- 
to affect recall. 
s for a model of 
ll to be explored 

First, one type of Organization may be 
used exclusively of the other, When the 


visual organization scheme is ignored a 
Model 1 represents the verbal organiza 4 
hypothesis of visual memory. Seco * 
memory may be searched first x— 
one organizing scheme, and later switc ie 
to the other scheme to pull even more iter 


x B r ch 
from memory. The alternating of sear 


f -- ys- 
modes, Model 2, describes a retrieval sy 
tem w 


ithout communication between 3i 
mantic and visual modes, with the capa 
bility for only unidimensional emon 
search. In Model 3, visual and e 
searches may be combined to Perieg 
items from memory. The latter model sak 
be likened to the parallel percepia 
scanning that Cohen (1970) has found 
conjunctive (semantic and visual) wid 
and to the retrieval process proposed E 
Wickelgren's (1970) multitrace theory 
memory. 1 
A free-recall paradigm was used, ee 
suring the visual, semantic, and aunts a 
clustering for each S, Computer Y 
tons of the three models aes © 
pected amounts of double oman i 
visual) clustering which were then co 
pared to the performance of human Ss. 


Method 


on, were 
Subjects.—Sixteen ‘Ss, 8 men and 8 women, We! 
run individually in E 


exp. L. Each S participated în 
one 45-min, s on, for which he was paid Mrd 
Stimuli.—Sixteen names of common SE 
animals, 4 articles of clothing, 4 vehicles, and n fre- 
of furniture—were selected from the 10 moe 970) 
quent items in the Battig and Montague ( min 
category lisi Each of the 16 objects was ran left, 
four orientations: vertical, horizontal, slante! 
and slanted right. While visual category pr 
ship was defined by each drawing’s axis of ar 
tion, it should also be noted that visual ME as 
within each category were maximized m wines as 
much line-by-line redundancy in the vaulting | 1 
Possible (see examples in Fig. 1) The 5 d 8 white 
drawings were penned in black ink on 
cards, 1 per card. y e pter TET 
A different combination of 16 drawings Mm le 
selected for each S. Each stimulus So i that the 
drawing of each of the 16 objects, ue equal 23 
16 drawings represented all four nM categorm 
Further, within each four-item seman ear wh 
two examples shared the same enn orient 
the remaining two items shared a diffe al catego? 
tion. Likewise, each four-item ST with 
Tepresented two of the semantic ecu 
items in each. An example of the = in Fig. 
semantic and visual categories appears 


ember- 


nen 


| 
| 


| 
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Fou IEP 
Pairing oes orders were selected by randomly 
rep i SM m the semantic categories without 
Orders was m Zach semantic pair in these four 
to complete Fe presented in all four orientations 
ists, An in is selection of 16 different stimulus 
eliminate bise. ved list selection process was used to 
etween PAGS ide to unusually strong associations 
Orientation d we items; Because the semantic and 
Ment, each IOS were selected. without replace- 
tion in only manne pairing shares the same orienta- 
Pair differs j of the | and the same semantic 
apparent FE pentaton 3 of the time. "Therefore, 
Not be the sual clustering in recall protocols can- 
tions Gad total result of strong semantic associa- 

Bade ee semantic-orientation pairing. 
Y participat he S began the experimental session 
Seribeq jn oed ina practice" experiment as de- 
Sponding : rost (1971). , Eight drawings, corre- 
Bories of tn mone of the visual and semantic cate- 
Wen tial} ae stimulus lists, were shown to S se- 
3 Series M a a 1.5-sec. rate. The S was then shown 
asked to cards containing 3 drawings per card and 
those faa Point to drawings which were identical to 
Were Bs the memory set of 8. In this way, all Ss 
p Stimulus aoe a recognition tas involving the 
Scribeq the drawings ; and instructions read to S de- 
“Xperime © practice task as being a sample of the 
he en task to follow. 

ces drawings were presented to S, one 

» at a 1.5-sec. rate. Stimuli were ran- 
With the restriction that there could be no 
as repetitions of either shape or semantic 
eluded ae Next, S was handed a booklet which 
Cancelli instructions and materials to do a number- 
5 Work on this task filled a 15-min. 


Sequenti 
Categori 


Tetenti ng task, 

ang thee interval between stimulus presentation 

then Es free recall of picture names; free recall was 
Biven orally by S, within a 3-min. time limit. 


Results 


conceal data for picture names were 
Tecal] ed from each of the 16 Ss. Free- 
E Protocols were scored for sequences 
ie visual categories, of repeated 
Antic categories, and of doubly re- 


) Q@ AP 
8 Gf ce 


Fie 
Seinen An example of stimuli from Exp. I. 
làppeq E ana shape categories are partially over- 
Rory x ANTS-SWEATER represents a double cate- 
ate sin Peau PANTS-SHOE and PANTS-ELEPHANT 
gle category repetitions.) 
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peated categories (i.e., where an item be- 
longs to both the same visual and semantic 
categories of its immediate predecessor). 
The occurrence of two consecutive items 
with at least one (semantic or visual) 
category in common was scored as one 
repetition (R), and the total number of 
visual, semantic, double, and single cate- 
gory repetitions were recorded for each S. 
Intrusions of new items into the recall pro- 
tocols were excluded from the repetition 
scoring and from the total number of words 
recalled. Details of the repetition scoring 
procedure can be found in Frost (1971). 
Clustering (C) measures were calculated 
for each S according to the C measure 
recommended by Dalrymple-Alford (1970) : 


_ Observed (R) — Minimum (R) 
Maximum (2) — Minimum (R)' 


where minimum possible R is calculated 
2m, — N — 1, and maximum possible R 
is defined N — x, N representing the total 
number of words recalled, z the total num- 
ber of categories recalled, and ma the largest 
number of words recalled in a single cate- 
gory. The measure yields a clustering 
score that is independent of the number of 
words recalled and which can vary, for all 
Ss, between .0 and 1. Mean C of .424 
(visual) and .598 (semantic) obtained. 
Expected clustering scores, E(C), were also 
calculated for each S by substituting the 
expected? number of R, 


Xim;— 1)? 
N=n ' 


into the equation for C. T tests performed 
on the difference between observed and ex- 
pected scores yielded 95% confidence inter- 
vals of .173 + .099 (for visual categories) 
and .370 + .122 (for semantic categories). 
Because zero, the expected difference 


score for chance clustering, falls out- 


See SS 
3'The formula used is the estimated maximum 


variance of observed repetitions, given that the 
actual clustering level is zero. Under such condi- 
tions, it is expected that the observed repetitions are 
due wholly to chance, and the expected number of 
repetitions therefore approaches the theoretical 
chance level. A similar version of the formula has 
also been suggested by Roenker, Thompson, and 
Brown (1971). i 
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side both confidence intervals, the null 
hypothesis (that clustering did not occur) 
is twice rejected. These results suggest that 
Ss used both visual and semantic categories 
to organize their recall. Mean overall (Gf 
indicating the amount of combined visual 
and semantic organization in the free-recall 
protocols, was .51 which is well above the 
(theoretical) chance Score of .33. 

The proportions of tot 
double (X = .505, vari 
transformed by 
Sine transform f 
(Mosteller & Yo 
formed scores w 
fidence limits fo 
of double R to 
sine 45.65 and 


al Rs which were 
ance — .038) were 
the Freeman-Tukey arc 
or samples of small size 
utz, 1954), and the trans- 
ere used to establish con- 
r the true mean proportion 
total R(D/T). Mean arc 
variance 83.72 estimate the 
true D/T to be between arc sine 38.95 and 
52.35 with 95% confidence. 
Simulation.—The three models outlined 
above predict different D/Ts, depending on 
the method of accessing the visual and 
semantic information for recall. 
ability that an R is dou 


ANTS can be followed 


" ?; Or HAT if a semantic R 
occurs (or SWEATER, BEAR or ELEPHANT if 


orientation repeats). On the other hand, 
if Model 3 is correct, P (SWEATER) is 1.0; 
the next-recalled item, however, has a 
P (double R) = .0, since in free recall S 
typically "samples without replacement" 
from the stimulus Set. Forall three models, 
the probability that the next R repeats both 
semantic and visual ca tegories changes with 
the number of items that have been re- 
called, the order in which items are recalled, 
and the degree to which S clusters, De- 
fining equations which predict the relative 
D/Ts for each model becomes impossible; 
therefore, computer simulations of free- 
recall Sampling were Performed in order to 


establish the mean predicted D/T for e 
model as well as the v; 


with these predictions, 
program was written for th 
computer which employed a pseudo-random 
number generator and a recall selection rule 
to determine the order of simulated free 
recall. The selection rules were as follows: 

1. Single dimension: Using only one type 


ach 
ariance associated 
A FORTRAN 
e DEC PDP-15 


of categorization (e.g., semantic), tet 
the item with the greatest probability 
following the last recalled item. —— 

2. Switching: Select the item with he 
highest probability of following the | "- 
recalled item, based on either semantic 
visual category membership. 

3. Combinatory: For each uses 
item, multiply the p (recall) associated 7 i 
its visual and semantic category meni € 
ship. Select the item with the greate 
combined probability. . A 

One ak aestlon is necessary to id 
ment the simulation—that the probabi i 
of an item being followed by a member 2d 
the same (either semantic or visual) M 
gory is, on the average, higher than es 
probability that any nonrepetition " » 
follow. "This assumption is justified by t^ 
fact that semantic and visual category 
clustering do occur in the free-recall DEM 
cols. Given this one assumption, it is d 
necessary to attach any numerical values 
to the probabilities of within- and pad 
category repetitions; and it is also bes 
Sary to stipulate whether the probabili s 
of a semantic versus orientation repetitio: 
is greater.‘ " 

[e recall for 1,000 Ss was simulated for 
cach model. Model predicts a mean D d 
of .533 with variance = .0. Model 1 ue 
2 predict proportions of .326 (variance 
= .017) and .282 (variance = .012), a 
spectively, It should be noted that be 
ere designed to do something 


simulations w ai 
that human Ss cannot: to correctly rec? 


a 1C 
‘Let A = the probability (p) that a p 
repetition will occur; B — b of a visual repeti RAP 
a = p of a semantic nonrepetition; and 5 eR that 
visual nonrepetition. Given the muni as 
A >a and B> b, A and B can be wee ¢ are 
A=a+k and B- b +c, where k an A: 
unspecified a 


can 
double repetition. 


be written 4-b — b(a 4- k) — ab 4- b, or 7 


iplyi the 
stimuli are added, rather than multiplying 
possible occurrences. 
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all sti 
^ ieee words and to cluster perfectly 
Fimulations © l'o ensure that the D/T 
o that 2 can be realistically compared 
Els wer the experimental Ss, two param- 
"irst, the rn introduced into the program. 
Simulated nimer pE words recalled by each 
Jer of wor Po limited to the mean num- 
10.0), ierra by human Ss (i.e. 
reduced wem à "e level of clustering was 
S, 5107 Th o "served for experimental 
Was simul. Re i clustering level reduction 
Process rr ee by interrupting the selection 
Vith th E an appropriate probability, 49. 
e ers, — > radinio of these two paran- 
or Model /T proportions were predicted 
Model 1 1, 2, and 3 (1,000 Ss per model). 
ance Dii bm a D/T of .280, with vari- 
Variance, Model 2, a D/T of .267 with 
Ce, .044; and Model 3, a D/T of .467 
Dong nee .043.  hespective arc sine 
0 . Nations of these means are 32.00, 
established 43.30. The confidence limits 
Eis ai for experimental Ss C(38.95 
cept nik < 52.35) = 95%, clearly ac- 
ata, A Model 3 as an adequate fit to the 
simulatie is felt that the two-parameter 
Decaus lon gives the better D/7' estimates 
Umber of the close correspondence to 
ions of words recalled, number of repe- 
"Ores. made, and variance of the D/1 
i nevertheless, parameterless versions 
Model. simulation programs also reject 
Moq " 1 and 2, while accepting Model 3. 
both.. 1 is further rejected by the fact that 
Obge Visual and semantic clustering were 

"ved in experimental data. 


*Scussion 


es 7 SPeriment I dealt with grouped data, 
dic aa LH a proportion, D/T, that is pre- 
Brou for individual Ss as well. While the 
tha Ped data fit Model 3, it may be the case 
Mode ne of the Ss behaved according to one 
Sven and others, according to another or 
fop ,, "one of the remaining models. To test 
Pender Possibility, a chi-square test for inde- 
forme ‘i of D/T and individual Ss was per- 
= Sissi Insignificance in this test, X*(15) 
inks indicated that no difference is apparent 
m € performance between Ss. 

Ss Nr suis of Exp. I suggest, therefore, that 
Natio combining spatial and semantic infor- 

n in order to recall picture names. The 


Mbini 
omh; g 
ining of codes is strong evidence that both 
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kinds of codes are, in fact, stored for each 
stimulus drawing. Other experiments using 
recall and pictorial stimuli (see Bahrick & 
Boucher, 1968; Sampson, 1970) have produced 
results consistent with, but not requiring, a 
dual-encoding interpretation. 


EXPERIMENT II 


While it can be concluded from Exp. I 
that both visual and semantic codes are 
stored for each stimulus and that both 
codes contribute to free recall, the reason 
for the combining effect is unclear. It may 
be that the nature of the recall task dic- 
tates that S use all available information, 
and that other retrieval tasks, e.g., recog- 
nition, may not evidence a combination of 
visual and semantic information. Al- 
ternatively, the combining may be an en- 
coding effect ; accessing one type of memory 
code may necessitate the access of the other. 
Funkhouser (1968) and Wright and Kahne- 
man (1971) suggest that task expectations 
affect the performance of memory tasks. 
Experiment II was designed to investigate 
the role of task expectation in determining 
the type of free-recall organization for 
doubly categorized stimuli. One group of 
Ss replicated the procedure of Exp. I; while 
a second group was set to expect the name 
recall task which followed. 1f the combina- 
tion of visual and semantic codes is char- 
acteristic of recall in general, then both 
groups should replicate the results of Exp. I. 
If, however, the combining effect is due 
to S's expectation of the recognition task, 
then only the recognition-set Ss should 
replicate the findings of Exp. I. 


Method 

Subjects.—Using the actual variance and simu- 
lated D/Ts from Exp. I, power was estimated for a 
reduced sample s Power of .88 was considered 
sufficient to allow a sample of 12 Ss per group in 
Exp. II. Therefore, 24 Ss were selected by the Uni- 
versity of Oregon Employment Service and were 
assigned by Æ to onc of two groups. he groups 
were tested simultaneously, yoked pairs of Ss re- 
ceiving identical stimulus list presentations. Three 
men and nine women served in the recognition-set 
condition; four men and eight women served in the 
recall-set condition. Each S was run individually 
in one 45-min. session, for which he or she was 
paid $1.50. 

Stimuli.—Stimuli and stimulus ordering rules were 
identical to those used in Exp. I. Three new pair- 
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TABLE 1 


MEAN C CLUSTERING Scores: EXPERIMENT II 


Recognition-set Ss Recall-set Ss 


Types of clustering Expected] O 
clustering ch 


ved| Expected| Observed 
ring clustering. clustering 


Visual categories 


537 215 -284b 
Semantic categories O84 215 5 
Over all «652 335 522 


5 Theoretical chance level of clustering. 
bins, 


ings without repl 
made, and each ol ex- 
panded into four, resulting in 12 different stimulus 
sets in which no orientation-name pair was repeated. 

Conditions.—Two conditions were used in Exp. II. 
In one, Ss were set to recognize pictures before pro- 
ceeding with stimulus presentation and subsequent 
picture name recall. In the other, Ss were set to 
expect the free-recall task which followed, 

Procedure, —Two changes were m 
procedure reported in Exp. I. 
Ss were asked to free recall 
name, instead of performing a forced-choice recog- 
nition task, Second, a forced four-choice recognition 
task followed free recall of the stimulus names, 
Each of the 16 stimulus objects was drawn in all four 
Orientations on a single 5 x 8 card. The S was 
asked to point to the original stimulus drawing when 
shown each card in random order, 


Results 


acement of stimulus names were 
f these three lists of names was 


ade from the 
First, the recall-set 
Practice stimuli by 


The mean number 
recognition-set 
and 10.3, 
visual, sema 
both groups 


of words recalled by 
and recall-set Ss were 10.7 
respectively. The levels of 
ntic, and overall clustering for 
are presented in 


Table 1. The 
95% confidence intervals for C — E(C) 
Scores indicate 


that recognition-set .Ss 
clustered by both Orientation, u = .286 


Æ .154, and name, u = .429 + .163; while 
recall-set Ss clustered only by name, 
u = 376+ 184 (95% C for orientation 
includes zero). These results reject Model 
1 for recognition-set Ss and Models 2 and 
3 for the recall-set group. 


Scores were 


Recog- 
D/T of .427 (arc 
99 < u < 45,329) 
L p. I by rejecting Models 1 and 
while accepting Model 3.5 Recall-set 
a 


i ; h mean 
sine data: IS%C = 37.5 
replicates Ex 
2 


ë The variance for the recognition-set group in 
Exp. I, -016, is lower th 


an both those calculated for 
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data, however, differ from ins s i 
recognition-set group. Mean BE E 
recall condition is .230, with cana Ca 
limits about the are sine of 6, 95 An cae 
24.142 < u < 37.238, which rejects } 

E Recognition data resulted in mean M 
of 2.75 and 4.67 for ges wp. 
recall-set conditions, respectively: a 
performance is 75% errors, or 12. 


Discussion 


ni match 
The failure of the recall condition to 


P ieval 
Model 3 indicates that the wg pea 
effect is not a requirement of the roe the 
Process. Instead, Exp. II suggests ntent is 
combination of visual and semantic T 
in some way established at encoding ti of the 
is not, however, a mandatory fonen Tereni 
encoding of pictorial stimuli, since os only 
task expectations led recall-set SS o EE 
the semantic retrieval scheme. bes, an 
Ss do appear to maintain both es ted y 
Semantic codes in memory, às ipic an 
their orientation recognition performar 
semantic clustering. sin which input 
There are at least two ways in wh m mem- 
can influence subsequent retrie al ap in 
ory. First, the type of organizaten moer E 
free recall may be a reflection of ni item 
storage structure. On the po mous BA 
storage could be identical for bot de A recal 
the recall-set group may store a p 2 ko 
according to names, perhaps rehea n-set $5: 
stimuli differently than do i be the us? 
Introspections of the recall-set o e just as 
of a better rehearsal strategy. ee that 
most recognition-set Ss, reported PEE as! 
they covertly named each drawing ever, th 
was presented. The Æ did note, veda labe 
some recall-set Ss used more distinc ognition 
for a few of the drawings than did T BEAR a 
set Ss (e.g., TEDDY-BEAR instead o 
LOCOMOTIVE instead of TRAIN). 


EXPERIMENT III 


et 
" «o ansW^ 
Experiment III was bos cer effecti 
the question: Is the peint to a reci 
found for recognition-set Ss, Eng off guar" 
^ "caught E 
Strategy adopted by Ss “‘caug “a , 


a M 
Exp. I and predicted by the simula an o Ex 
It should be pointed out, however, a efor ad 
"s clustered more than Exp. I Say th d lust’ 
simulation of Model 3 with an a ataie 
parameter would predict a lower vé 
observed. 


a 
nf 


a 


| 


by the free-recall task, or is it a general 
characteristic of their ability to remember 
the picture stimuli? A reaction time (RT) 
task Was used to discover whether the recog- 
Dition-set Ss also access visual information 
along with the name code in a (name) 
ton task. Recall and recognition 
uii Ta asin Exp. I i, If the perfor- 
Bos the two conditions differ within 
effect nition paradigm, then the combining 
en relate to a general retrieval 
Beni compesuing both free recall and 
ion, 

ES eni III substituted a name- 
5 ion task for the free recall in Exp. 
decide rodigm. The S was required to 
test sti whether the object pictured in a 
Set of mulus had also been pictured in the 
I oes ei ern seal stimuli. RT to two 
@) to a: responses could be measured 
uli co identical to the original stim- 
Object "um and (b) to drawings of an 
ent ore hich had been redrawn in a differ- 
task „entation. In a name-recognition 
is? It Would be to S’s advantage to ignore 
information (which is often mis- 
Code di and to access the name memory 
fespon s CE If RT to both types of yes 
Accessi SEE the same, then S must be 
“Sng directly the name code in both 


ase 
Tespo, f, however, the second type of YES 
nse is slower than the first, then S 


1 
combi accessing the name information in 
tha, ton with visual codes. Evidence 
task Med affects the recognition 
o Vist a d then suggest that the combining 
trieval i and semantic codes during re- 

1$ not something that S can do, but 
ing that he does because of the way 


timuli have been encoded. 
Methog 


Some 
ieee 


Subs 
er şi: H a i . 
ne P cls — Sixteen Ss were run individually in 
Wop, OUr-] 


Men eaS session cach, Three men and five 
-set cond igned to cach of the recognition and 
Ssively, itions. Yoked pairs of Ss were run 
Y, cach member of a pair receiving the 
lus set as his partner. One additional S 


ENCODING AND RETRIEVAL IN VISUAL MEMORY 323 


th Ub 


Original ss 
Stimulus 


A a 


An example of the test items used in Exp. 
IIT and Exp. IV recognition tasks. 


Fic. 2. 


maximized across semantic categories as well as 
within. On a few occasions, details of a single object 
were changed from one visual category representa- 
tion to the next, in order to maximize similarities 
across objects (e.g., the CAR was drawn as a sedan in 
the vertical category but as a convertible in the 
slant categories). In Exp. HI, however, the name- 
recognition task required all car drawings to be of 
the same convertible from different viewpoints, etc. 
The substitutions eliminated those error respons 
due to disagreement concerning verbal labels, rather 
than memory failure. 

Procedure.-—The practice experiment, stimulus 
presentation, and first 10 min. of the interpolated 
task proceeded as described for . II. The final 
5 min. of the interpolated task was performed with 
pairs of numbers presented tachistoscopically. The 
S was asked to press a ves key with his left index 
finger if the pair were identical; he pressed a No key 
with his right index finger if the numbers were 
different. The .S received 36 such practice trials 
before beginning the RT recognition t which 
followed. 

Before the recognition task, .S was instructed to 
respond YES via a keypress when a stimulus oc- 
curred which had the same name as a drawing from 
the memory set of 16. The S saw each original 
stimulus drawing twice (32 Same-orientation, 
Same-name or SS stimuli); each stimulus object in 
two new visual categories (32 Different-orientation, 
Same-name or DS item and 64 drawings of 
"new" objects—+ animals, 4 items of furniture, 
+ items of clothing, and 4 vehicles, each drawn in 
the four orientations. Examples of the SS and DS 
drawings appear in Fig. 2. The 128 test cards were 
randomized for each yoked S pair and presented 
tachistoscopically until . responded. The Æ 
changed cards between trials, noted S's response 
and RT, and gave S no feedback about his or her 
perlormance. 


Results 

The ves RTs were averaged by type for 
each S. Four mean YES times resulted: 
mean RT for the first and the Second oc- 
currence of each SS and each DS test card. 
Difference scores were then established for 
each S by subtracting the DS mean from 
the SS mean for both first and second oc- 
currences or frials, and analysis of variance 
was performed on the differences, con- 
trasting groups (retrieval-set condition), 
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o RECALL-SET 
e RECOG-SET 
—— TRIAL 1 
----. TRIAL 2 


RT IN MSEC. 


TYPE OF ITEM 


Fic, 3. Mean RT for yes responses in the 
name-recognition task, Exp. IIT. 


trials, and Ss. The source groups was sig- 
nificant beyond the .005 level, F (1, 14) 
— 14.139, indicating that the recognition- 
Set Ss took reliably longer to make DS 
judgments than did recall-set Ss. The DS 
and SS RTs, graphed by trial and condition, 
are presented in Fig. 3. Neither trials nor 
interaction sources were significant. A 
practice effect is apparent in Fig. 3 that 
was not tested by analysis of variance. 
Errors, for the most part, were not ran- 
dom but meaningful—e.g., when CAR was 
incorrectly called "new," it was usually 
called new more than once (maximum four 
errors per object). Errors Occurred to 
10.5% of the “old” test items for recog- 
nition-set Ss, and to 11.5% of the old items 


for recall-set group. For recognition- and 


recall-set Ss, respectively, 9.8% and 8.9% 
of the total responses were in error, 

An analysis of variance was performed on 

misses, those SS and DS items incorrectly 
called new, In a Subject x Group X 
Type-of-Item analysis, only type-of-item 
attained Significance, /° (1, 14) = 15.93, 
b < .005. Both groups of Ss made almost 
twice as many DS as SS errors ( = 2.75 to 
4.25, DS:SS, for the recognition-set Ss and 
2.25 to 5.00 for recall-set Ss), 
The RTs to new t 
contribute no inform 
tionship between m 
picture names, are 
present discussion. 


est items, since they 
ation about the rela- 
emories for form and 
Not considered in the 


ANCY FROST 


Discussion 


The RT differences noted for recapitan cd 
Ss indicate that the visual content of nd 
memory was accessed in a task regaining E 
name matches to the remembered stimu as P 
in the previous experiments, these Ss a 
be combining visual and semantic codes to m 
form the memory task; however, in Exp. a 
the combining takes on an obligatory chars ; 
teristic, since the longer RT to DS items E 
gests that orientation interfered boe Ss 
speeded judgment task. Recognition-se d. 
typically reported that they “responded YN 
the picture /ooked enough like rime 
[they ] remembered—if it looked very different; 
[they] couldn't decide.” nine 

For recall-set Ss, on the other hand, n 
matching was equally efficient for both ane 
of test items, suggesting that name codes Wed 
accessed to make the match. Although A f 
tation did not interfere with the speed of judg 
ment, fewer errors for DS items suggests er 
the visual information did contribute to t 
accuracy of the judgment, 


EXPERIMENT IV 


If both name and spatial code are E 
cessed in both retrieval-set conditions Ww 
Exp. III, then the data suggest that ber 
two codes are accessed in paralle na 
more efficient access for recall-set SS M. 
name code, and for recognition-set SS M. 
visual code. The difference in number ss 
DS and SS errors, suggestive of dual acce" 
for recall-set Ss, does not require the duce 
access explanation. It may be that they 
Ss create such a distinctive verbal sag 
code for each stimulus that DS items ied 
named differently than are their SS am 
parts; only an SS test item, then, 2 / 
be recognized accurately. Espuum f 
was designed to provide a stronger pee 
the hypothesis that recall-set Ss ac atio” 
store and can access the visual informa Tx- 
contained in the pictured simb ol 
periment IV’s design called for a rep isla! 
of Exp. III with the addition of i tio? 
memory judgments to the name-recog se 5°" 
task ; Ss who were set to recall and ma 
to recognize responded YES only ee the 
test items which were identical p? 
remembered stimuli (SS items). han p 
items produce slower xo RTs ^t cont 
"new" (D) stimuli in the recall-se 


n 
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tion, then the combined or dual-access 
Notion is suggested. 


Method 


ee a ors at volunteer from the Uni 
Tried ‘Vashington served in Exp. IV, each par- 
.pating in one hour-long experimental. session. 
or amie and 3 females were assigned to the 
mites epu condition ; while 5 males and 3 
Stren oe the recall-set condition. 

ditione s ton itions, and procedure. —The two con- 

8 of task expectation and the experimental 


Procedure outli 
: o e eee, di mes x 
with the utlined for Exp. II were used in Exp. IV 


ce exceptions. First, during the recogniti 
fip e. à g the recognition 
Bum were asked to respond yrs only to SS 
! and No to DS and D stimuli. Second, the 


: test stimuli presented during the RT recognition 
draw o isted of 4 cach of the 16 S stimuli, 2 DS 
16 original stimuli, and 


ngs for cach of the 
drawings of 8 NEW stimulus objects—2 from 
he 4 semantic categories. The third differ- 
test era method of presentation for recognition 
Sponge tine, ide projector with stimulus and re- 
of the Honea mag hanisms paced the presentation 

es and measured RT to \S’s responses. 


Results 


The xo 


ob; responses were averaged over 
JJects for 


each S. Since each different 


rawi metr 
VI appeared only once, no division 
trials was made for Exp. IV RTs; the 


MORIS /124 a z an 
9 resulting means, DS and D item RTs, 


E Subtracted to form a difference score 
ing Cách S. Analysis of variance contrast- 
She and Ss for the difference scores 
cing ed that source groups was signifi- 
recon; (l, 14) = 8.93, p < .01. While 
D Shition-set Ss did not differ in RT to 
893 and D items (mean RT — 891 and 
Msec., respectively), recall-set Ss were 
*r to DS than to D items (mean 
Tite teach and T re respectively). 
SU d comparison are 

EraDheq in ne ot See 
ite; UIS Occurred to 15.0% of the total 
to Or the recognition-set condition and 
"76 of the items for the recall-set 
D ite, Palse-alarm errors, those DS and 
> Mcorrectly called “old,” averaged 
RS le recognition-set Ss and 9.6% for 
To Analysis of variance of 
ay Signig em type failed to attain statisti- 
Md ‘cance for all effects. Mean DS 
recognition-set Ss were 
Sn "S ud 11.3%; while mean DS and D 
d 8.50, Tecall-set condition were 10.6% 
© Although group means do not 
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,1000 
E 
= 
z 900 
E 

800 o RECALL-SET 

e RECOG-SET 
DS D 
TYPE OF ITEM 
Fic. 4. Mean RT for No responses in the 


stimulus-recognition task, Exp. IV. 


reflect the error type differences found in 
Exp. III, it should be noted that only 3 
of the 16 Ss made more D than DS errors, 
and 2 of the 3 contributed almost half of 
the errors for the recognition-set condition. 
When error data for the 2 Ss are ignored, 
mean errors for DS items are greater than 
D errors for both conditions: DS — 2.67 
and D = 1.33 errors for recognition-set Ss; 
and DS = 3.38 and D = 2.75 errors for 
recall-set Ss. 

The RTs for yes responses were not 
compared. 


Discussion 

Since recall-set Ss make longer RTs to DS 
stimuli, we may conclude that they do not 
ignore name code memory in order to make the 
visual recognition match. Nevertheless, the 
fact that these Ss make very few errors in the 
visual recognition task (Exp. IV) indicates 
that both name and orientation memory were 
affecting their judgments, J ust as the double 
clustering indicates that recognition-set Ss are 
storing and accessing both name and orienta- 
tion, it also seems that recall-set encode and use 
both types of information during recognition. 

Experiment III suggested that the com- 
bining of two memory codes during retrieval 
is more than a recall function; the combining 
appears for recognition-set in both recall 
and recognition paradigms. periment IV is 
consistent with a differential encoding explana- 
tion of the task expectation effects. Those Ss 
set to expect a recognition task seem to access 
their memory for the pictorial stimuli through 
a visual code; while those Ss expecting recall 
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seem to access memory according to name 
information. . 

The differences in errors made during the 
recognition tasks (of Exp. III and IV) indicate 
that although the two groups differ in the 
modality through which memory is accessed 
(either visual or verbal), visual codes do affect 
the accuracy of recall-set Ss' visual judgments 
and name codes do affect the accuracy of 
recognition-set Ss’ name judgments. Since 
the RT for these judgments do not differ 
(between DS and D xo judgments for recall- 
set Ss and between SS and DS yes judgments 
for the recognition-set condition) a strong 
interpretation suggests that both codes are 
accessed together, regardless of the access 
modality. The error and RT data, taken to- 
gether, certainly require a parallel access ex- 
planation, as suggested by Freedman and 
Loftus' (1971) "think of a word" task and by 
data from the letter-matching experiments re- 
viewed by Posner and Keele (1970). 

The visual and semantic influences on our 
memory for the things we see makes a complex 
picture, indeed. The experiments presented 
here are admittedly exploratory, but they sug- 
gest that very little of our "visual" memory can 
be separated from a verbal descriptive system 


or from an expectation of the way in which that 
memory will be used. 
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U-SHAPED METACONTRAST FUNCTIONS WITH 
A DETECTION TASK? 
SUE COX? axp WILLIAM N. DEMBER 
University of Cincinnati 
The present study was undertaken primarily to (a) determine whether 
U-shaped backward masking functions of detection in disc-ring metacontrast 


can be obtained with a forced-choice indicator and (b) assess the role of 
phenomenal brightening of the target in the shape of the masking function. 


Two luminance levels were employed. 


locate the black target disc within one of the two masking rin 


One group of Ss was instructed to 
; another 


group was asked, in addition to the detection task, to report whether the 


target appeared black or white. 
11 values of intersti 
failed to reach significance; effects of 
interaction were significant at the .001 
tained. 
U minimum is 
brightenings, rather than of S's shifting 


Pile U-shaped masking functions in 
retical vackward masking are of great theo- 
cont, importance, their existence remains 
Toversial for both discrimination and 
ection tasks. Studies employing dis- 
mination of the position of a gap in the 
oe C combined with forced-choice pro- 
n have yielded U-shaped relations 
tn discrimination accuracy and the 
je. terval separating target from mask 
; -rstimulus interval, or ISI) (Stewart & 
Caer 1970; Weisstein, Jurkens, & Onder- 
v "a 970). U shapes have also been 
as Pee with letters as target and ring 
Mone. and letter identification as the 
oyo S€ measure (Stewart & Purcell, 
i Weisstein & Haber, 1965). However, 
mi oving similar stimuli and procedures, 
“sen has obtained considerable evidence 
"4t amount of masking is a monotonically 
~ creasing function of ISI (Eriksen, 1966; 
Tiksen & Hoffman, 1963). The reasons for 
'* discrepant findings are not at all ob- 
Aon especially since many of Eriksen’s 
les were attempts at direct replication. 

ne Possibility, however, may be the rela- 


empl 
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nulus interval (ISI). 


Two luminance levels were employed with 


The main effect of instructions 
luminance and ISI as well as their 
level. U-shaped functions were ob- 


Analysis of the phenomenal reports led to the conclusion that the 
a direct result of target indetectability, perhaps mediated by 


criterion. 


tively low levels of luminance that Eriksen 
typically uses. 

Although studies using judgments of 
apparent brightness have yielded U shapes 
(Alpern, 1953; Schiller & Smith, 1966), 
detection (reaction time) measures under 
the same experimental conditions reveal a 
constant function with no differences in 
reaction time to the masked target over a 
range of ISI values (Fehrer & Raab, 1962; 
Schiller & Smith, 1966). Some U-shaped 
masking functions have been obtained with 
detection as .S's task (Kolers, 1962; Kolers 
& Rosner, 1960; Werner, 1935), but they 
so far have been reported only when 
"nonobjective" response measures—that 
is, phenomenal reports—were employed. 
Eriksen and Marshall (1969), who used a 
forced-choice technique and a detection 
task, failed to replicate one of Kolers' U- 
shaped curves. This failure, coupled with 
the reaction time data, raise the possibility 
that U-shaped masking functions may only 
be found with discrimination tasks. 'The 
present study was undertaken primarily to 
determine whether a U-shaped function 
can be obtained with a detection measure 
as well. Furthermore, an “objective” 
(forced-choice) detection measure with disc 
as target and ring as mask was used. 

It is important to establish the existence 


of U-shaped functions for theoretical 
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reasons. Models of masking, such as the 
one proposed by Eriksen and Hoffman 
(1963), based solely on the notion of lumi- 
nance summation-contrast reduction, can- 
not account for U-shapes. On the other 
hand, Weisstein’s (1968) lateral inhibition 
model requires the occurrence of U shapes. 
The Purcell, Stewart, and Dember (1968) 
model is temporally neutral; that is, it 
makes no predictions regarding the tem- 
poral characteristics (monotonic or U 
shape) of masking functions. However, U 
shapes may result as artifacts of the target 
"brightenings" referred to in the Purcell 
€t al. model. A second purpose of this 
Study, then, was to examine the role of 
target brightenings in the shape of the 
masking function. 


According to the Purcell et al. 


(1968) 
model, 


When a target stimulus is presented 
(typically a black disc on a white back- 
ground), the neurons serving the area of 
the disc fire at a lower rate th 
round neurons, which fire and s 
inhibit themselves. 


an the sur- 
ubsequently 
When the masking 
ring fol ows, the disc neurons in the center 
of the ring, being less inhibited, fire at a 
much greater rate than the surround, re- 
sulting ina “brightness reversal." Through 
a temporal averaging of the black target 
M ie eae reversed white disc, 
Phenomenal appear: S werte 
us fie E spear ej nee e 
the same as, Or brighter tha Y o. 
an the back. 


ground, depending on stimulus conditions, 
(Outcomes of the t 


€ averaging process that 
are brighter than the background are called 
brightenings, ) Conditions which facilitate 
reversals 


are those th 
the initial differenti 
increased target-fi 
field and ISI 
"hus, 


at serve to incre 
al inhibition, n 
eld energy, d 
interval, and 
according to this 
(1966; Eriksen & Hoffm 
& Marshall, 1969) 
obtain U shapes 
levels employed we 
The Purcell et 
used to 


ase 
amely, 
ark fixation 
brief ISIs, 
model, Eriksen 
an, 1963; Eriksen 
may have failed to 
because the 
re too low. 

al. (1968) mode 
account for the 
masked target through 
mask (Dember & Purcel 
provided an inte 


luminance 


l has been 
recovery of a 
inhibition of the 
l, 1967) and has 


TPretation of the pheno- 
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menal brightness reversal and ce 
found in masking and recovery (Purce E. 
Dember, 1968). In addition, it can anion 
for the decreasing spatial effectiveness r 
the mask with increasing ISI (Purcell eta 1 
1968) and for the decrease in masking foun 
with increasing spatial separation € 
target and mask (Cox, Dember, & "geh 
1969). Even more important, the mo E 
had led to the surprising but verified pre- 
diction that an increase in its duration oj 
luminance can render a target less daen 
able under masking conditions (Purcell, 
Stewart, & Dember, 1969), — 
Brightenings may be presumed to affec 
the shape of the masking function in e 
following manner. When the pheasant 
appearance of the target is brighter on 
the surround, in a two-alternative force t 
choice presentation, S is confronted € 
two rings, the center one of which ! 
brighter (the one containing the disc) e 
the other, darker by comparison. Suppose 
the centers of the two rings are Sind 
able at all times but that S has dii 
deciding which of the two rings to respo K 
to as containing the disc. Since S's be | 
is to “locate the black disc," he may chos y 
the apparently darker but pass 
empty-centered ring. Sometimes 5 ini 
decide that it is the brighter centered pt 
which contains the disc, perhaps on cal 
basis of flicker due to the disc's pacem 
The S may shift between these Pus S8 
sponse criteria. Informal reports eot 
Suggest that this is typically what wai 
But only one study has been reported Me 
Was explicitly designed to ues hm 
effect of brightenings on S’s per Hecken- 
in a forced-choice detection task ( apa 
mueller & Dember, 1965). One gr jona 
Ss was instructed, in the empto 
manner, to locate the black disc; the ring 
group was instructed to choose t s from 
whose interior looked most an: 2 
its background. The effect of this 3 direc 
tional difference was in the expecte essi Vt 
tions, but neither large nor at an went u$ 
level of significance. However, thes tain? 
conditions were not optimal for s energ! 
U shapes in that the mask had more 
than the target. 


\ 


ae 


METACONSTRAST FUNCTIONS WITH A DETECTION TASK 


In summary, then, the present experi- 
Ment was designed primarily to investigate 
E Sc Snape of the masking function. in 
task, where of ss Tocted-cholee detention 
Shi a aere the parameters of stimulation 

osen to maximize the occurrence of 
ae and (5) the possible role of 
shape jM in determining the 
Bilbo afi the masking function. I he design 
qd m examination of main and 
a Variable, : ects of target-field luminance, 
et al € of special concern in the Purcell, 

V. (1969) model. 


METHOD 


Subj - 
jects. —E, 
Volunte, 


inc? enrolled in psychology at the University 

nnati served as Ss. All Ss had normal or 
ion and had never partici- 
@ masking experiment before. All Ss were 
ith all stimulus conditions for 2 days prior 
K orti ie of the experimental data. 

NES on ws he stimuli were black India-ink draw- 
disc Sen S index cards. The target cons ed of a 
a pair adini 24' of arc. The mask con ed of 

iameter rings horizontally arranged; the inner 

hickne P: of each ring subtended 24’ of are and the 

S€parg 55 of the ring walls subtended 12" The 
Sg pon between centers of the rings subtended 

are, 


Ap De 3 
Sco 2 Paratus —The stimuli were presented tachisto- 
sti call The target 


sti 

hd was attached to a plate which. moved 
Ops ey The apparatus included adjustable 
Centered that the positions at which the disc was 
and the ii each. of the two rings could be marked 
ions dise easily shifted between these two posi- 
he | ll were dark adapted for 6 min. before 
Mi tion of the stimuli. Viewing was 

z h the right eye. 
© The stimuli were presented in the 
dar} ewe tion field, target, dark ISI, mask, 
Used 'Xation field. The field of the tachistoscope 
It as or the fixation field was also used for the ISI. 
dia, tained four peripheral red dots arranged in a 


Tan A * 
nond tern to define the center of the field 


“Ondit; Two luminance 
arc Ons, 10 and 50 ftl., were employed, with the 


Arge L Bu 
hes luminance equal to that of the mask. The 
Bevan of both target and mask was 10 msec. 
109 i were used, ranging from 0 to 


. steps. 
i tween presentatio: 
Lumines er there were 22 stimulus conditions (2 
ditions poe X 11 ISI). Each S received all 22 con- 
9f the e blocks of 10 trials per condition on each 
Position; experimental days. A trial consisted of 
Sto ` ane the dise in One of the two rings, signaling 
anq BOR a button to initiate the stimulus sequence, 

o's saying "right" or “Heft” to indicate in which 


Approximately 15 sec. 
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of the two rings the disc appeared, guessing if 
necessary. The location of the disc on a given trial 
random, as was the order of presentation of the 
conditions for a given S on a given day. On each 
of the experimental day each S received 10 
practice trials from a single condition chosen ran- 
domly for each S for each day before the collection 
of the data. 

Half of the Ss were randomly chosen to be in the 
Control group receiving the standard set of instruc- 
tions according to the task, including: "Your task 
will be to tell me in which of the two rings the black 
disc appears. Sometimes it will be a difficult de- 
cision, but just try to do the best you can." 

The remaining Ss comprising the Experimental 
group received information about brightening along 
with the standard set of instructions: 


Your task will be to tell me in which of the two 
rings the disc appears. Sometimes, however, the 
ring which follows the disc makes the black disc 
appear dark and sometimes it may even appear 
to be light. Sometimes, it will be difficult to 
decide in which of the two rings the disc appears, 
but just try to do the best you can. 

In order to reduce errors, when you tell me 
whether the disc appears in the right- or left-hand 
ring also tell me whether the disc you saw was 
lighter or darker than the background. 


The Ss in both Experimental and Control groups 
received their instructions on the first day of 
practice and were reminded of them on each of the 
6 remaining days of the experiment. 

No S was given knowledge of results. 


RESULTS OF TARGET DETECTABILITY 


Percent correct detection corrected for 
chance guessing was calculated for each of 
the 16 Ss for each of the 22 stimulus con- 
ditions. Means are presented in Table 1. 
Negative mean percent correct detection 
refers to performance below chance level. 
Mean percent detection for the Control and 
Experimental groups, summed across lumi- 
nance and ISI, were 62.1 and 44.1, respec- 
tively ; for low and high luminance, summed 
across groups and ISI, 71.5 and 34.8, 
respectively. 

A three-way analysis of variance, with 
repeated measures on two factors, was com- 
puted on ne, data presented in Table L. 

mma ^ S TS a 1 "s 

$ Te pus as ees io D ee 
significance, with the trend in th " P mranl 
opposite that predicted T s ange 
luminance and ISI howe TA sd Bu 
.001 level of significan ^ A Teneked the 
eer, oe in as did the inter- 

ance and ISI. The 


B'i ol 
“Ss 
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TABLE 1 ] 
MEAN PERCENT Correct Disc DETECTION CorRECTED For CHANCE GUESSING 
Interstimulus interval (msec.) 
Group | Luminance 7 j 5 m m | E: = 2 j 80 90 100 
0 
| 5 5 70.5 0 | 83.0 | 88.0 
y 2 5.5 | 74.0 | 78.5 | 825 | 79.0 | 70.5 | &x. ce 
ME MET mo | io | a | Be 47.0 | 52.5 | S95 | 69.0 645 | Te 
E | Low | 720 | go 60.0 | 44.5 | 64.5 | 59.5 | 60.5 | 615 | 55 i55 | oe 
Beal) diet) des | so) | ou | ae 16.0 | 14.0 | 195 | 430 | 495 | 61. 
remaining F ratios obtained were less than 


The significant interaction between lumi- 
nance and ISI was analyzed for trends to 
establish the existence of U shapes for the 
overall masking function and for low and 
high luminance functions separately. The 
low and high luminance functions depicted 
in Fig. 1 were tested separately for signifi- 
cant linear, quadratic, and cubic com- 
ponents by computing two additional 
analyses of variance. From these analyses 
were determined the total sum of squares 
and the error terms to be used in the trend 
analyses, The analysis of variance design 
used was the two-factor mixed design with 
repeated measures on one factor, the two 
factors being instruction condition and ISI, 
Table 3 summarizes the results obtained 
from the trend analyses, 

Analysis of the low lumin 


ance Curve as a 
function of ISI revealed 


à significant qua- 


significant linear and cubic componi Sy 
For the high luminance curve, the ange 
cant linear component establishes he 
Portion of the curve, while the signi 
quadratic and cubic trends reveal eat 
Presence of a U shape. To further 
the occurrence of U shapes, ¢ tests bes 
performed on the two curves presented E 
Fig. 1, using the appropriate error A 
square from analyses of variance Pan 
estimate of the variance. Significant di 30 
ences in means at ISI = 0 and ISI p 
were found for low luminance, ż (15) = 4. e 
two-tailed; and high luminance, £ (15) 
5.75, both ps < .001. 


s — ATY 
DiscussioN or TARGET DirECTABU 


ý vondi- 
instruction a 
ance, and en one 

Opposite direction from th 


The difference betwee 
tions failed to reach signif 
Was in the 
expected. 


: nent 
The failure of the por 
i s. group's instructions to increase disc de igh 
ratic component (b « 05), and non= ability indicates that it may not be enous 
TABLE 2 
ANALYSIS or VARIANCE oo 
: E z 90 
Source df MS F E 80 
o 
Between Ss 15 E 70 
Groups (A) 1 28,440.0 242 È eo 
Error, 14 11,752.8 In 
. Within Ss 336 Ra eg & so 
Luminance (B) 1 118,849.5 48.41* E 40 
ISI (C) 10 5,359.4 7.43* e 
AXB 1 158.3 06 x 30 
AXC 10 350.6 49 z 20 
Bx 10 3,137.2 11.12* sj 
AKBxc 10 2141 76 = 10 
Error 14 2,434, 
Error 2 140 pn P1700 26:36 40 56 65 70 80 90 100 
Error 3 140 282.2 191 (MSEC) sh. 
Total 351 ction of 7 
B. m Fic. 1 Target detection as a func 
* p <.001, 


disregarding groups. 


l 


aed T alert S that the disc may appear light, 
eg diriana] knowledge of when it will 
true, kn il may be required. If this were 
Me ei edge of results after each trial might 
group 2. more helpful. T hat the Control 
> E ed to detect the disc better by about 
"h tee vong in all conditions probably 
Struction nat the Experimental group's in- 
ms merely made S's task less clear to 
able mance definitely Was a significant vari- 
Uminane Isc detectability. When target-field 
Acilita ted, was relatively high, masking was 
by Pürcil T his is consistent with the finding 
eld lumin et al., (1969) that increasing target- 
Planation ce ha to increased masking. Ex 
et a]. (1958 this effect according to the Purcell 
target fiel ? model assumes that the greater the 
ential in d luminance, the greater the differ- 
x pce retanhibiagn between the region 
neurons ane disc and its illuminated target 
Sented S RN Surround. When the mask is pre- 
is Éreater sl rate of the “target neurons 
Making fet those of the surrounding field, 
Breater as target region appear white. The 
he differential inhibition, the whiter 
Pletely se is made, and hence, the more com- 
converted’ phenomenal appearance will be 
ground UT to a brightness equal to the back- 
Process (because of the temporal averaging 
White, of the original black target and the 
Ned target). It should be noted, of 


TABLE 3 
TREND ANALYSIS 


ISI df MS F 
Low luminance 
Is 10 527 
-inear 1 397 1.45 
Juadratic 1 1,324 4.84* 
j bic 1 413 1.51 
pesidual 7 447 
srai 140 274 
High luminance 
" 10 7,970 
ginear 1 62,308 85:352 
Guadratic 1 6,415 8.79** 
Rubic 1 9,105 1247555 
Residual 7 267 ` 
“rror 140 730 
ER CA 
t9 < .05. a 4 Eas 
x» S. 
EI, 
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course, that in order to recognize the likelihood 
of finding U-shaped masking functions, target- 
and mask-field luminance were kept equal; 
thus, it is possible that in this study the 
luminance effect was carried at least in part 
by the mask field. A separate study to partial 
out target and mask effects is clearly called for. 

Evidence for the existence of a U-shaped 
masking function was demonstrated by means 
of trend analysis and ¢ tests, thus confirming 
the prediction of Weisstein's model (1968) 
that for target and mask of equal duration and 
luminance U-shaped functions result. The 
significant Luminance X ISI interaction sug- 
gests that the shape of masking function de- 
pends on the absolute luminance of target 
and mask, keeping ratios of target to mask 
luminance constant. This supports the sug- 
gestion that Eriksen's (1966) failures to obtain 
U shapes may result from the relatively low 
levels of luminance he uses, lower typically 
than the 10 ftl. used in the present study. 

Inspection of the curves presented in Fig. 1 
shows more masking in the 0- to 10-msec. 
ISI range than in the latter portions of the 
curves, making them appear more J than U 
shaped. It is possible that inclusion of some 
negative ISI values would have enabled the 
initial portion of the masking function to 
attain approximately the same height as the 
latter portion of the curve, thus completing 
the U. Inany case, the critical issue is whether 
a linear or U shape better characterizes the 
obtained masking functions. Both the trend 
and the ¢ tests indicate that the masking 
functions are better characterized as U shaped 
than as linear. 


ULTS AND DISCUSSION OF SUBJECTIVE 
REPORTS or TARGET BRIGHTNESS 


RE 


To test the hypothesis about the role of 
brightenings in the shape of the masking 
function, analysis of the subjective reports 
begins with organizing S’s responses into 
four categories: (a) disc correctly located 
and .S reported that it appeared dark 
(correct dark); (b) disc correctly located 
and S reported it appeared light (correct 
light); (c) disc incorrectly located and 
appeared dark (incorrect dark); and (d) 
disc incorrectly located and appeared light 
(incorrect light). The percentage of each 
category of response presented separately 
for low and high luminance appears in Fig 
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(a) 
@—® correct dork 
o— correct light 
9-—o incorrect dork 
9— incorrect light 


o 
o 


70 
o 60 
ul 
$ 50 
3 40 
"ES 

2 

ii = SS 

9 O 10 20 3040 80 6070 80 90 100 
IS! (MSEC) 
80 (8) 
1 e—e correct dork 
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ae €---9 incorrect dark 
5 50 c--o Incorrect light 
Fd 4 
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20 

lo 

0 
© 10 20 30 40 50 60 70 80 30 100 
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Fic, 2 


erimental groups data an 
four categories of responses for low lumi 
and high luminance (B). 


alyzed by 
nance (A) 


2. At each level of ISI the four 
sum to 100, 

The hypothesis to be adv. 
incorrect locations of the disc 
employing an incorrect criteri 
Suppose S can readily 
centers of the 
brightness, one 
darker than 


percentages 


anced about 
concerns S's 
on. That is, 
discriminate the 
s on the basis of 
center appearing lighter or 
the other, Further assume 
ether the light- 
8€ contains the 
» the light-centered 
as containing the disc, 
ark-centered ring. It is 
r, that fora given stimulus 
condition, the "correct" appearance of the 
disc is either One or the other, When S 
correctly locates the dise and it appears 
dark, for example, then When the disc is 
incorrectly located, it should appear light— 
assuming that the disc is at all 


two ring: 


expected, howeve 


times 
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detectable and that ation: locations ti 
the disc are the result of S's inde A 
about the "correct" appearance of the E 
According to the above reasoning, ESS 
trends to be expected are the following: d 
the disc when correctly located es 
dark more often than light, incorrect loui 
tions of the disc for that condition N-— 
appear light more often than dark. i : 
versely, when the correctly located NS 
appeared light more often than dark, i 
incorrectly located disc should appear dark 
more often than light. Inspection of UE 
relationships among the curves in Fig. 4 
shows that the hypothesis is not tenable. ; 
It may be concluded, then, that in gut 
tion to the instruction condition's failing 
to yield a difference in detection, the trends 
in the subjective data do not follow those 
expected if the “apparent” U minimum 15 
a result not of target indetectability per se, 
but rather of S's indecision as to the 
target's correct appearance. Quite the 4 
trary, the minimum of the U seems ls 
result directly from the target's indetec z 
ability, thus establishing the occurrence + 
the U -shaped masking function for at leas 
one set of stimulus conditions via an ob- 
jective detection measure. In gaara 
indetectability of the target may be me S 
ated by brightenings in the manner sug 
gested in the Purcell et al, (1968) model. 
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DISPLAY SIZE AND THE DISTRIBUTION OF SEARCH TIMES! 


IRA T. KAPLAN? 
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WILLIAM METLAY anp 
Hofstra Un 


The time required to find targets on a visual display w. 


varying the number of targets 


those numbers whose digits summed to 


200 items, and the number of targets varied from 2 to 10. 
dition, the cumulative distribution of search times w. 
and could be fitted by an exponential equation. 
fitted curve was independent of the number of targ 
portional to the total number of items on the displ 


bution and its dependence on the numbe: 
mathematical model. Application of t 
average scanning rate at 39 items/min 
control experiment which measured scan 


Visual search and verbal recall tasks have 
in common the property that S searches for 
one or more target items located within a 
larger set of alternatives. Kaplan, Carvel- 
las, and Metlay (1969) proposed a model 
to account for the exponential distribution 
of search times obtained when S se 
for several targets either on 
or in a category of words stored in memory 
(cf. Indow & Togano, 1970). The model 
pertains to the case where S repeatedly 
Selects one item at random from all the 
items on the display. The probability that 
each item selected is a. target not found pre- 
viously is (T — F)/N, where T is the num- 
ber of targets on the display, F is the num- 
ber of targets already found, and N is the 
total number of items. Thus, the rate of 
finding targets per unit time, £, is 


dF  k(T— F) 
dt AC t 


where £ is the rate per unit time 
S selects and examines items. 


p See 


1 This study w: 


arches 
a visual display 


[1] 


at which 
Integrating 
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niversity 


as investigated by 


and the total number of items on the display. 
TThe items were three-digit numbers, randomly arrayed, and the 


targets were 
14. Display size varied from 50 to 
For each display con- 
as negatively accelerated 
The slope parameter of the 
ets, but was inversely pro- 
ay. The shape of the distri- 
lay items were derived froma 
l to the data estimated the 
This estimate was confirmed in a 
ning rate directly, 


r of displ 
he mode! 


Equation 1 and substituting 
E 
-N 


; X A ‘he 
yields an exponential function for th 
cumulative distribution of search times: 


F = T(1 — e, 


[2] 


[3] 


The parameter p determines the rate at 
which the number of targets found ap- 
proaches T' as an upper limit. This mode 
has been used to describe the results O 
several studies of memory search (Kaplan 
et al., 1969; Kaplan, Carvellas, & Metlay 
1971; Metlay, Handley, & Kaplan, 1971); 
but it has not yet been applied to the es 
of searching for several targets on a vists 
display. Although exponential distribu 
tions of visual search times have bt 
reported (Krendel & Wodinsky, 19 d 
Williams, 1966), those distributions b. 
obtained by presenting S with a success 
of visual displays, each of which contain 
only one target. ; ETT 
The a of the present exprim 
was to test the search model by var? 
the number of targets and items on n 
displays. The model predicts tha a 
cumulative distribution of nei di 
will be exponential in form, and ud 
slope parameter, p, will be indepenc 


sua 
the 
mes 


the 
f 
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the : = 
ME umber of targets, but will vary 1n- 
di ely with the total number of items per 
isplay. 


Mertuop 
Subjects 7r á 
bci ORE The Ss were 10 students, 5 males and 5 
» in an experimental psychology course at 


om University. 
digit es The displays were arrays of three- 
E une printed by an IBM 1132 printer. 
igit d contained 50, 100, 150, or 200 three- 
tea in the ers randomly located within a circular 
the center of an 11 X 15 in. page. The area 


€ circle w; t 
50 that ak Was proportional to the number of items, 
igit hii item density was constant at 3.5 three- 
Umbers mie per square inch. The targets were 
number o hose digits summed to 14, e.g., 734. The 


2, 4, 6, 8, or 10. 


Sizes, 50 T MS different displays: four display 
per displa an 150, and 200 items all with 6 targets 
and 19 Ge plus four 100-item displays with 2, 4, 8, 
00 items nad per display, and a practice display of 
vere ee 6 targets. Ninety different displays 
random y el by an IBM 1130 computer, which 
rocedure ected the numbers for each display. — 
aSsroom TE The Ss were tested as a group in a 
lay. ees of nine dis- 
Sight e 


ach § z targets per display v 


s The a 

Ets E. ie displays were presented face down. At 

Immo; 

S opa ately to search. 

the ney rching, and the procedure w: 
ext display, 


as repeated with 


RESULTS 


ud rate at which the cumulative re- 
etern Curves approached their limits was 
di Be ed by the number of items on a 
un and was independent of the number 
Euer e Figure 1 shows the number of 
five Ha found as a function of time for 
Th the eight displays in this experiment. 
are Wap, drawn through the data points 
Op; 5^4. UPC i tj 
Corin S of Baualion 3, MOC M 
S procedure which minimized 
tha "estricg; deviations squared, subject to 
a the mons that 7 could not be greater 
bl of targets on the display 
i he number of targets actually 
‘Un Curve € upper limit approached by 
Der is clearly determined by the 
targets on the display: 2, 6, or 


p 


CUMULATIVE NUMDER OF TARGETS FOUND 


o 1 2 3 
SEARCH TIME (MINUTES) 


Fic. 1. Cumulative number of targets found as a 
function of time. (The label on each curve indicates 
the number of targets (2, 6, or 10) and the total num- 
ber of items (50, 100, or 150) per display.) 


10 targets. The three middle curves in the 
figure all approach the same limit, 6 targets, 
but the rate at which they rise is related 
to the number of items on the display: the 
50-item curve rises fastest of the three, 
and the 150-item curve is the slowest. 

The graphs for the three other displays 
have been omitted from Fig. 1 for the sake 
of clarity, but they are consistent with 
those shown. In every case, the estimated 
T values were equal or nearly equal to the 
number of targets on the display. The 
slope parameter p decreased as the number 
of items per display increased. The esti- 
mated p values were .69, .29, and .19 per 
minute for the 50-, 150-, and 200-item 
displays with 6 targets, and .40, .40, .44, 
.47, .37 per minute for the 100-item dis- 
plays with 2, 4, 6, 8, and 10 targets, respec- 
tively. The p values for the 100-item dis- 
plays show no consistent trend as a func- 
tion of the number of targets. 

It seems reasonable that the rate at 
which .S scans a display should not vary 
appreciably with the number of items on 
the display. If the scanning rate, k, is in 
(att constanti then the mede! predicts that 
p should vary inversely with A. This 
prediction is supported by the results shown 
in Fig. 2, which is a plot of p versus N for 
all eight display conditions. The curve 
drawn through the data is a graph of 
Equation 2 with k held constant, fitted by 
the method of least squares. The value of 


P (PER MINUTE) 


" 4 
50 100 150 
NUMBER OF ITEMS 


200 


Fic. 2. The slope parameter b as a function of the 
number of items per display. 


k estimated by this procedure was 395. 
items scanned per minute. 


Discusston 


The results that the cumulative distribution 
of visual search times was exponential in form, 
and that the slope parameter, p, was inversely 
Proportional to the number of items on the 
display confirm the predictions of the random 
search model. They are also consistent with 
the results of a memory-search study that 


varied the number of target words and the 
total number of items in 


S's memory (Metlay et al., 
the assertion 
random is a 
havior, inspection of the 
Ss revealed a distin 


at the negative acceleration 
of the pooled distributions is not an artifact 


produced by averaging across Ss. 

Application of the search model to the data 
Summarized in Fig, 2, implied that Ss scanned 
the displays at an average rate of 39.5 three- 
digit numbers Per minute. To test the validity 
of this estimate, an experiment was performed 
to measure Ss' Scanning rate more directly. 
Fifteen additional 5s, also experimental psy- 


Which indicates th 
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chology students at Hofstra, pantisipated | 
the study. The task was to find, on 3 uen 
display that contained 100 three-digit “a 
bers, those numbers whose eges T i 
14. The 100 numbers were listed in a co = " 
in contrast to the principal experiment w pi 
the numbers were randomly arrayed, i.e., oa 
in rows or columns. Six target numbers pen 
located at preselected positions in the TA 
When S searched the list, he was ub 
to scan from top to bottom, calling out b E 
targets as he found them. His responses wei 
tape recorded, and their latencies were d ; 
scribed from the tape with the aid of a stop- 
watch. The average scanning rate was ds 
mined by fitting a straight line by least squar í 
to a plot of the average search time for Seid 
target against the position of the target in t j 
list, according to the method used by ? d 
(1963) and Kaplan and Carvellas (1965). T 1 
reciprocal of the slope estimated the scannin 
rate as 37.1 three-digit numbers per minute. 
This rate is in good agreement with the m 
mate of k obtained by fitting Equation 2 b 
the p values for the eight display candinon 
of the principal experiment, thus further cone 
firming the predictive validity of the sear 
model. 
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RESPONSE LATENCY AS A FUNCTION OF HYPOTHESIS- 
TESTING STRATEGIES IN CONCEPT IDENTIFICATION? 


RICHARD T. FINK? 


University of New Mexico 


The ability of M. Levine's subset-sampling assumptions to account for the 
decrease in response latency following the trial of the last error was investigated 
by employing a distributed stimulus set composed of four binary dimensions 
and a procedure which required Ss to make an overt response in order to 


sample each dimens 
overt response indi 
(ST). When the 


n. Following Levine, Ss were required to make an 
ting the trial on which they felt they had reached solution 
was used as a reference point it was found, in accord with 


Levine's subset-sampling assumption, that Ss who sampled only one dimension 
per trial did not show the latency decrease following the trial of last error and 
that the latency decrease was due almost entirely to those Ss entering the 
criterion run sampling more than one dimension. 


E à recent article, Levine (1969b) pre- 
assumption of early hypothesis-(H) testing 
ls (Bower & Trabasso, 1964; Restle, 
determine” that S selects a single H, which 
Valuated 1 his response, and feedback. is 
tested ed in terms of the single H being 
Propos As an alternative, Levine (1969b) 
fr €s that Ss may sample a subset of Hs 
Subset known finite H universe. From the 
for œ? * Working H which serves as a basis 
of ther response is selected. The outcome 
IS used oe whether "right" or “wrong 
"espons 9 evaluate Hs in the subset. If the 
In. © Was correct, S maintains the work- 
and rejects those Hs in the subset 
Was Bienen not confirmed. If the response 
Sele i rrect, S rejects the working H and 
the Su & new one from the confirmed Hs in 
firme, €t or, if none of the Hs were con- 
Ne ' a new subset is established and a 
és nits H selected. Levine (1969b) 
Sut to this model of H sampling as the 


corgi, Sampling assumption (SSA). Ac- 


=~~ E to the SSA there are two important 


Len, 
me research is based on part of a dis ertation 
of ea *d to the graduate school of the University 
Mente t Mexico in partial fulfillment of the require- 
by Nor the PhD degree and was supported in part 
Hig srona] Institute of Mental Health Grant 
Son, wh 9. he author wished to thank Peder John- 
n the 9 Served as dissertation advisor and helped 
2 Preparation of this article. 
Joh nior este for reprints should be sent to Peder J. 
Ney 2 Department of Psychology, University of 
Mexico, Albuquerque, New Mexico 87106. 


Which 


pivotal trials: the trial of last error (TLE), 
in which S first takes the correct H as his 
working H, and the solution trial (ST), in 
which S has eliminated the remainder of the 
subset and first holds only the correct H. 

As a means of providing support for the 
SSA, Levine (1969a) measured latencies 
from the onset of the stimulus to S's re- 
sponse from the TLE to the ST (indicated 
by S ringing a bell). It was assumed that 
latency is a direct function of the number 
of Hs being tested. As predicted, mean 
latencies decreased from TLE to ST and did 
not change from ST to the final criterion 
trial. 

Although Levine's (1969a) predictions 
were confirmed, it is possible that the 
latency decrease between the TLE and ST 
was not due to a reduction in the number of 
Hs being evaluated. Several investigators 
(e.g., Millward, 1964) have reported, in 
paired-associate tasks employing more 
stimuli than responses, that when each S’s 
protocol for each item pair was aligned 
about the TLE that latencies decreased in 
a negatively decelerated fashion similar to 
that found by Levine (1969a). If latency 
decreases similar to those reported by Le- 
vine (19692) can occur in paired-associate 
tasks in which 5s reach solution by mem- 
orization instead of by H testing, then the 
reduction in latency found by Levine 
(19692) could be due to something other 
than a reduction in the number of Hs being 
evaluated. 
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In Levine's (1969a) experiment, there 
was no means of directly assessing S’s H- 
sampling behavior since all values on all 
dimensions of the stimuli appeared together 
on each trial. The purpose of the current 
experiment was to provide a more direct 
test of Levine's (1969a, 1969b, 1970) SSA's 
description of H-sampling behavior by 
directly monitoring S's dimensional sampl- 
ing while recording post-TLE latencies. 
Operating under the assumption of Levine 
(Levine, 19692, 1969b) and Trabasso and 
Bower (1968) that the dimension sampling 
or observing response is indicative of the H 
being tested, a procedure which required 
that Ss make overt dimension-selection 
responses, was employed to permit the 
trial-by-trial monitoring of H sampling. 
The procedure involved the presentation of 
à distributed stimulus set composed of four 
binary dimensions. In order to observe the 
current value of any of the four dimensions, 
it was necessary for S to make a separate 
dimension-selection response to that dimen- 
Sion. Thus, it was possible to determine if 
the reduction in latency reflected the reduc- 
tion in the number of Hs sampled. 


METHOD 


participated in the 


experiment in order to obtain extra credit. 


were discarded from the e 
reach criterion on the firs| 
and 1 due to an a 
maining 48 Ss were 
equal size. In each 
unidimension 


dimensions, problem orders wer 
by the use of an 8 X8L 


roups of 
all eight 
h four binary 
€ represented 
atin square in which prob- 
lems had been randomly assigned to a letter. Each 
S was randomly allocated to a group and a row of the 
Latin square so that within each group there were 
two Ss assigned to each row. 

Apparatus and stimuli The appar: 
a distributed stimulus set compose 
dimensions, each of which w 
column of 50 x; 50 mm. squ: 
of a dimension was indicate 
the two squares in €; 
tion panel consistir 
directly below the 
the four buttons 
columns. 


Response buttons and feedb; 
on a separate panel below th 


atus involved 
d of four binary 
as represented by a 
ares, The current value 
d by back lighting one of 
ach column. A dimension selec- 
ng of four buttons was located 
stimulus display so that each of 
was below one of the stimulus 


ack lights were located 
he dimension selection 
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ack light 
panel. The left response button and feedback d 
was labeled "yes," while the other pair was la ip 
dback was administered by indica Ae 
correct response with the appropriate [enun on the 
A stimulus-presentation button was locate! expanse 
response panel between the two category aan 
buttons. A response to the stimulus pre de 
button presented the current values of the ES an 
dimensions until the termination of feedback The 
made further dimension selection impos ible. iacet 
ST button was located on a separate housing Picate 
to the right of the stimulus display for Ss to in ler 
when they felt that they had solved the po was 
An enable light above the stimulus display an 
switched to green to signal the start of a pos ol 
switched back to red concurrent with the offs 
feedback. . sdths 
Response latencies were recorded in hun 
of a second from a Hunter Klockounter. = selec“ 
total printout counter recorded the dimension-s 
tion data and the response outcome. : xperi 
Procedure,.— Three groups were run in the Ye 
ment, two of which were permitted to select di was 
sions, while the remaining group (No Selection) P 
presented the current values on all four om Op- 
simultaneously on each trial. The Ss in ‘Jimer 
tional-Selection group could sample as many nd ls 
sions per trial as they wanted to, except I the 
following the ST, where they could sample or 4 
relevant dimension. In the other selection Manli 
(Single Selection), Ss were permitted to amp 
one dimension per trial throughout training: ted 
Except where group differences peer enon 
changes, all Ss were given the same instru iptio® 
The instructions began with a detailed descr each 
of the stimulus set using the third problem ations: 
S's series as an example during the instruc wer 
When Ss understood the stimulus display, mer ex^ 
told that they were to learn which stimuli we They 
amples of the concept and which were not. jes 
were further instructed that only one colum y. 
dimension, was relevant to solution and d they 
Were to find that column. All Ss were told the 
would be given a series of problems where @ n then 
could be repeated and that E would exec 
When a new problem began. The Ss in SE fee?” 
were also told to press the ST button taomni they 
ack on the trial where they were Certa -selectio? 
had solved the problem. The Options, many 9" 
group was told that they could sample the stipt ji 
mensions per trial as they wanted with hey sampi 
tion that following their ST response ee Sing! 
only the one relevant dimension. a ite relevan 
Selection Ss were instructed to locate er trial- 
dimension by sampling one dimension pri of ^n 
the No-Selection group, the current nis nê 
four dimensions were presented on a "ue 
three groups the stimulus values "n was mac on 
until a stimulus-presentation dc turned fon 
A trial began when the enable rh dimen D 
Ted to green, which signaled 5s dimensions anus 
selection groups to begin selecting the stim i kg 
in the No-Selection group to P selectio" 
presentation button. The dimensi 


ee 


ee 
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PROBLEMS PROBLEMS 
ma Fic. 1, Mean trials and errors to criterion for all groups and problems. 
ade the sti r : 
Were thro p Mulus-presentation response when they column. ‘Tukey's test indicated that the 
timų Pisis s celung imanan „Following the problems effect for both trials and errors 
n unti sentation response, the stimuli remained ys b: x . BRUN $ 
Berl the termination of feedback. Response data was due to the difference between the 
ES Was measured from the stimulus-presenta- first problem and Problems 3-8 and be- 
Upon «P 9nse to the category response. Immediately tween Problem 2 and Problems 5, 6, and 8. 
n S'S c gory I , v 
the correct SOFY response, the feedback lightabove On the basis of the above analysis, the first 
Ste, quet response button was illuminated for +0 two problems were treated as practice prob- 
Cabo i Tree with the offset of feedback, the le (Levine [1969a] also treated the first 
tion un ght changed back to red for a 3.0 -sec. dura- ems (Levine ole aoe je Ars 
8 new s the start of the next trial. For all groups, two problems as practice) and were ex- 
trials D jioblem. was begun when S completed eight cluded from further analysis. T he remain- 
owing his ST response. ing six were renumbered so that what was 
1 ; AND DISCUSSION the third problem is now the first, etc., in 
The tri: TE . subsequent analyses. 
Dres no and errors-to-criterion data is In the last six problems there were 16 
SNe perf in Fig. 1. The analysis of vari- occurrences of S making the ST response 
at ormed on the trials-to-criterion prior to reaching solution. This false ST 


§ snowed that treatments, F (2, 45) 
=e, P«.01; problems, F (7, 252) 


E 


Siong » P < .001; and attributes/dimen- 
alle P (4, 252) = 5.21, p < .001, effects 
the ere significant. A similar analysis of 


fects pa tcri terion data found significant 
trip, or problems, F (7, 252) = 9.13, and 
both ute/dimensions, F (4, 252) = 6.73, 
foung P «X .001. The treatments effects, 
to only with the trials data, was found 
Toup ds to a few Ss in the Single-Selection 
all e i. ho inflated the trials data by testing 
Te s dimensions before returning to the 
8 Soe dimension to make the ST re- 
found: The attribute/dimensions effect 
Na. rH both the trials and errors analyses 
E ue to a tendency for Ss to formulate 

H in terms of the top square of a 


response was ignored and the problem was 
continued following the normal procedure 
until a valid ST response occurred and cri- 
terion was achieved. 

The data of primary importance involved 
response latency during the criterion run 
plotted about the ST. These data, includ- 
ing Levine's (1969a) experimental group, 
are presented in Fig. 2. As can be seen 

? [n the present experiment, the ST was considered 
to be the trial immediately preceding the ST re- 
sponse. This differs from Levine (1969b) who con- 
sidered a M pe E following the ST re- 
sponse. „evir ersona icati I 
bee 1969) later PUN, that fies me open Mo 
prior to the ST is the critical event, that trial ig 
actually the ST. Except when ihe ia noe, 


Levine's data will be presented wi rr 
fined here. with the ST as de- 
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Fic. 2. Mean post-TLE response latencies plotted about the 
ST (N > 32 for all points). 


from Fig. 2, the latency curves for the 


Optional-Selection and the No-Selection 
groups, in which Ss were free to choose their 
H-testing strategy, closely parallel that of 
Levine's (19693) experimental group, which 
was similar to the No-Selection group. The 
only major difference is the absence of the 
inflated latency on the first post-ST trial in 
the present experiment, which Levine 
attributed to a disruption caused by S 
making the ST response. 

The absence of the 


Positively decelerated 
latency decre. 


ase prior to the ST in the 
Single-Selection group supports Levine's 
(1969a) assumption that the response 
latency is a function of the number of Hs 
being evaluated. The pre-ST latency curve 
for the Single-Selection group should be 
flat, since this group could evaluate only 
one H per trial, However, inspection of 
Fig. 2 shows some evidence of a slight de- 
crease in latency prior to the ST. It was 
not possible to perform a Statistical analysis 
of the pre-ST Portion of the latency data, 
since the variable number of trials between 


the TLE and ST caused the Ns for the pre- 
ST trials to differ, 


Since a fixed number of 
following the ST, it was po: 
a series of analyse: 


trials were given 
ssible to perform 
s on the post-ST response 


khe 

latencies. For purposes of the analyses, e 
ST was considered to be the trial wx. 
ST response, as was done by Levine 1 j be- 
This definition of the ST was employe, 5g 
cause of the possibility that the ST peces 
caused the following trial to be inf - 
artificially, as was the case with Levit 
(19692) group. the | 

An analysis of variance performed on sig 
Post-ST response latency data found 3) 
nificant effects for treatments, F 2 
— 412, 5 « .05; problems, F (5, 
= 438, p <.01; 
= 2.28, pb < .05. Tukey’s test showe 
the treatments effect was due to tien 
ence between Single-Selection 2n ct 
Selection groups. The problems m p 
attributed to the difference of the firs 10 H 
lem from Problems 3, 5, and 6 and jn | 


E 
0 
and trials, F Pa anal 
differ 
No- 
was 
ob 


: and 
difference between Problems 2 an the 


iS 
p wa 
Was performed. The trials up 0 
found to have a significant eo the 
nent, P (1, 45) = 8.1652, p < 01; t 25 3 
mainder was not significant, / nent FO 
X L0. Both the linear ene ef ae 
(2, 45) < 1.0, and the onl or t 
(10, 225) < 1.0, were not significa 
Treatment X Trials interaction. 


i TABLE 1 
| SLOPES rog Post-SoLuTion-TRIAL (ST) LATENCY 


95% confidence 


Esp. and group Slope dee 
| a 
Levine (1969a) 
“Xperimental -020 
resent experiment 
Ne onal Selection | —.013| —.091 < u < .065 
E election, —.008 | —.086 € u € .070 
ngle Selection —.022 | —.100 < u € .056 
X of all groups | —.014 | —.058 € 4 € .030 


triage Significant linear component in the 
mi " ect presents a potentially serious 
ings E between Levine's (19692) find- 
Pos those of the present experiment. 
tencies the SSA predicts that the post-ST 
ies; eee be constant and Levine 
Post.g E a slight increase, a general 
experim E ecrease was found in the present 
ecreas SDL. In order to ascertain if this 
rom "hs constituted a significant deviation 
he rs SSA, an analysis of the slopes of 
orig of best fit for the mean post-ST 
each Er: for Levine's (19692) group, for 
Perin, the three groups in the present ex- 
Eten ent, and for the combined mean of all 
Tre Oups, was performed. 
HEN mean-square error term for the 
Was u component from the trend analysis 
imits of to compute the 95% confidence 
ae OF the slopes of the lines of best fit 
ach individual group and the combined 
f all groups in the present experi- 
S can be seen from Table 1, which 
opes fo ee confidence intervals and the 
rediet the lines of best fit, the zero slope 
E ed by the SSA falls within each of 
 ©onfidence intervals, as does that for 
one’s (1969a) group. To summarize, 
it results show a significant trials effect, 
„the slopes do not show a significant 
co, tion from zero and therefore do not 
radict Levine's SSA. 
Mir Order to ascertain whether the post- 
E latency decrease was typical only of 
~S entering the criterion run testing more 
Jan one H, the Optional-Selection group 
an Partitioned into pU at wg eta 
i ection problems, in which Ss sampled 
l Ore than one dimension on any post-TLE 
trial and single-dimension-selection prob- 


Presents 


D 
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40 


PA 
o 


O—O MULTIPLE- SELECTION 
1 PROBLEMS 
1 O—O SINGLE-SELECTION 
! PROBLEMS 
|| O—O OPTIONAL-SELECTION 
i GROUP TOTAL 
I 


LATENCY (SEC) 


9 pr np re 
4 32-4 STI 2324 56 78 
TRIALS 
Fic. 3. Mean post-TLE response latencies 


plotted about the ST for multiple- and single-selec- 
tion problems and for the Optional-Selection group 


total (N > 22 for all points). 


lems, in which only one dimension was 
sampled. Figure 3 shows the mean post- 
TLE response latencies plotted about the 
ST for single- and multiple-dimension- 
selection problems and the total for the 
Optional-Selection group. As can be seen, 
the multiple-selection problems account for 
the pre-ST latency decrease while the 
single-selection problems have relatively 
constant pre-ST response latencies, con- 
sistent with the SSA. 

Additional evidence that the reduction in 
response latencies between the TLE and ST 
reflects a reduction in the number of Hs 
being evaluated is provided by Fig. 4, 


o 
o 


25 


9—9o TOTAL 


‘@—@ MULTIPLE DIMENSION 
1 SELECTION PROBLEMS 


a 


MEAN NUMBER OF DIMENSIONS SAMPLED 
= N 
o o 


I 
-5 -4 -3 -2 + ST | 2 3 


4 5 6 
TRIALS 1 


Fic. 4. Me : 
per trial iy Ee eal ae of dimensions sampled 
=e ui "tional-Selecti E f 
Criterion Mile, Ptional-Selection group during 
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Which presents the mean number of dimen- 
sions sampled per trial As can be seen 
from Fig. 4, the number of dimensions 
sampled per trial decreases as the ST is 
approached reflecting the latency decrease 
and supporting the SSA, 

In conclusion, it can be said that this 
experiment provided direct support of 


Levine's (19693, 1969b) SSA. It was 


shown that some Ss sample more than one 


dimension on at least one post-TLE trial 
and that the mean number of dimensions 
sampled per trial decreased between the 
TLE and the ST. Those problems where .S 
sampled more than one dimension on any 
post-TLE trial were found to account for 


almost all of the post-TLE latency decrease 
prior to the ST. 
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REPRESENTATION IN DEDUCTIVE PROBLEM SOLVING: 


THE MATRIX 


EN H. SCHWARTZ! DANIEL L. FATTALEH 


Wayne State University University of Sidney 
Seventy-two Ss attempted to solve four "who-done-it" type deductive reason- 
ing problems which varied in mode of representation, type of logical connective 
employed, and affirmative versus negative statement of information. Affirma- 
tive and conjunctive problems were solved more frequently than negative and 
disjunctive problems. However, the mode of representation in which the 
problem was presented had no effect. Analysis of the mode of representation 
actually employed (based on Ss’ written protocols) revealed a marked tendency 
for Ss in various conditions to change the original representation of the problem. 
W hen these changes were taken cognizance of, the matrix representation was 
superior to other forms on all but negatively stated problems. The somewhat 
poorer performance of females on this task was related to their greater reluc- 
tance to change the representation of the problems. 


In 


a previ 3 roe 
—_ Previous study, Schwartz (1971), 


i a number of "^who-done-it"' de- 
in E ns problems in sentence 
Protocol y adult Ss. An analysis of S's 
repress S revealed a number of modes of 
gi ir ntation" by which Ss organized the 
ation presented in the problems. 

p form—the matrix—was clearly supe- 
Solutio other representations for achieving 
ms to affirmatively stated problems. 
Close 1n these tasks appeared more 
ely linked to the ability to accurately 
Present information in some suitable 
rather than the ability to draw 
conclusions from simple combina- 
nus, Propositions. Task variables (such 
Siitice se of relevant dimensions, logical 
tive oia employed, proportion affirma- 
ances) known to have considerable 

*t on the solution rates for traditional 


€o 
Steet attainment tasks (Bourne, Ek- 
~and, & Dominowski, 1971) were effec- 


Tus to the extent to which they influenced 
" Mode of representation Ss employed. 
E d Where differential use of the matrix 
jeg citation occurred (in affirmative vs. 
tan ae problems) were different solu- 
ates observed. 

les post study attempted to replicate 
tas indings within a more structured 
ii Mode of representation of informa- 


a 
Re A 
H Sd for reprints should be sent to Steven 
State tees Department of Psychology, Wayne 
ersity, Detroit, Michigan 48202. 


tion presented to S was controlled directly 
in order to determine more precisely the 
relationship between representation and 
problem-solving performance. It was hy- 
pothesized that Ss presented problems in 
the matrix mode of representation would 
exhibit superior performance. The task 
problem was as follows: 


Five convicts were standing in the prison 
yard talking. 


Each one was from a different cell block 
and each had committed a different crime. 


1. Either Cell Block C did not contain 

Alex or it did not contain the burglar. 

Either Cell Block A did not contain the 

murderer or it did not contain Zigowitz. 

3. Either Young was not the embezzler or 

Young was not from Cell Block C. 

One of the convicts was a murderer. 

Either the hijacker was not Young or 

was not from Cell Block A. 

6. Either the embezzler was not from Cell 
Block B or Zigowitz was not from Cell 
Block B. 

7. Either the burglar was not from D or 

the burglar was not "Thompson. 

One of the convicts was from Cell 

Block E. 

9. Smith was one of the convicts. 

10. Thompson was the arsonist. 


N 


eR 


w 


Who was in Cell Block E? 
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MODE OF RI 
Problem 


Statement Form Sentence Matrix 


Affirmative 


A. Conjunctive 


Disease 
1. Mr. Wilson is in Room 102. 


2. The patient in 103 has 
asthma. 


B. Disjunctive 
1. Alex was either the Rapist 
or the Arsonist, 


2. Cell D contains either the 


2- 
murderer or Dave 


Negative 


^. Conjunctive 


1. Ed didn't eat fish, soup 
or hash, 


2, The person eating chicken 
didn't drink coffee or tea, 


B. Disjunctive 
1. Either Diane did 
the toga or she d 
buy the coat, 


not buy 
id not 


2. The Red item was either not 
the blouse or not the hat, 


Mode: 


Please show all work on the accompanying 
Work sheet, 
METHOD 

Seventy-two Ss (36 males and fem; 
domly drawn from the S 
university and tested for about 2 hr. in groups of 
12 to 15. All Ss attempted to solve four “who- 
done-it” type deductive problems (Fig. 1), each 
containing information about five values on three 
dimensions (e.g., patients’ name, room number, and 
illness). Two problems contained information pre- 
sented in an affirmative fashion (e.g., the redhead 
bought the mini-skirt), the other two contained 


ales) were ran- 
pool at a large urban 


EPRESENTAT ION 
Network 
Name Wilson Alan Thomas Osborn 
Disease Cancer 1 Epilepsy Hono. Asthma 
d 
Room 101 k^ 103 10% 
Name Paul John Alex Steve 
Sy 
Crime Arsonist Burglar Murderer Rapist 
2. 
Cell A 8 c D 
Name Mary i a Sam 
Main WZ Ww 
Course — Fish Chicken “Soup Hash 
a“ 
z 2 
Orink Coffee — Beer Wine Tea 
Name Ann Liz Diane Betty 
ja 1 
Clothing Coat Blouse tae Skirt 
2 
SS 
Color Brown Green Blue Sed 


almost exclusively negative information (e.g 
maid was not in the bedroom). 


each of the above 


disjunctive connecti 
a blue tie). 
formation to 
tained an equal 
various pairings. 
identify values (e. 

The design w. 
attempting 
conjunctive 
in all). 


a 


. as a betwee! 
Mode of representation served as a 


TABLE 1 


PERCENTAGE or UBJECTS 


determine ; 
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S of representation presented to Ss. 


ATTAINING SOLUTION UNDER EACH CONDITION 


Problem type 


One problem 
sets utilized conjunctive chef 
nectives (e.g, Ed had coffee and pie); the O | of 
ves (Dave either wears E í 
All problems contained sunat 
all contingencies an 
number of statements spe iy 
Some statements serve only 
8., One of the men is John). 1 
a mixed factorial, with xS e, 
to solve an affirmative and neg 
and disjunctive problem (four pr 


Mode of repre- 


ntati Conjunctive Disjunctive All problems Toe 
sentation n me] RI IO "| á 
d wh wr. 
Affirmative egative Affirmative Negative 
Sentence 79 46 46 25 Es 46 
Matrix 83 50 46 25 54 48 
Network 88 33 42 38 34 45 
Totals 83 43 45 29 36 à 


24 per cell, 


Young 
T.B. 
105 
Dave 


Hijacker 


Harry 
Steak 
Milk 
Jean 
Toga 


yellow 


the 
jdn 
on- 


rec, 


n- 
con” 
cifying 
Ss 


oblem* 


ns 


_ ) Se LE 
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TABLE 2 
Re CHANGING REPRESENTATION UNDER EACH CONDITION 
Problem type 
Mode of re po i | 
sentation pre Conjunctive | Disjunctive | 
All problems | All problems Totals 
€ - male female all problems 
Affirmative Negative Affirmative | Negative 
Rantence 42 58 58 | 71 63 52 51 
Peel 8 8 21 | 29 17 17 17 
e k 19 | 71 58 | 79 79 68 74 
otals 43 | 46 46 60 53 46 49 


Noten = 24 per cell, 
fact , 
in a mat one-third of the Ss receiving problems 
and Onethire ee one-third in a sentence format, 
Modes had | in a network format (Fig. 1). (These 
already s been observed in the previous study 
md pr ntioneg), 
informatio to assure that Ss understood the problem 
had to pueri the mode presented to them, 
instruction ely complete a brief programmed 
ate in ter sequence, This required that he indi- 
Meaning wm of equivalent English sentences the 
"epresents LP opositons presented in some mode of 
Show IES (Fig. 1). The Ss were encouraged 
attempt t work and had a maximum of 20 min. to 
Solved: (9 Solve each of the four problems. If he 
Went it less than the maximum allowed time, he 
vas randy the next problem, The order of problems 
3 brie m After four problems, each S took 
to ing feat ee chiles logic test which was designed 
implicati e the extent to which he could draw valid 
conjunct from single affirmative or negative, 
Ive and disjunctive statements. 


" RESULTS 
va Elects of independent variable on solution 
tion m ze percentage of Ss attaining solu- 
able i er each condition is presented in 
o ty l'here are significant effects due 
Pe of logical connective, F (1, 66) = 
tio, »P < .001, and whether the informa- 
tive Was presented in affirmative or nega- 
Hoy, form, F (1, 66) = 34.96, p < .001. 
vever, contrary to expectations, mode 
So presentation had virtually no effect on 
en ton rate (F <1). There was a ten- 
b €Y for males to do better than females, 
m 66) = 4.85, p < .05, as well as a 
Ki. ant Logical Type of Problem x 
» tion p ve-Negative Information interac- 
Bp the am (1, 66) = 5. 44 p < .05. Although 
| al co mative problems were easier under 
nditions, the advantage was greater 


C= 


on conjunctive as compared to disjunctive 
problems. No other effects were significant. 

Analysis of representations actually used, 
— [n view of the unexpected findings of no 
effects for mode of representation, the 
protocols were classified according to mode 
of representation actually used by each S 
in attempting to solve the problems. A 
classification scheme similar to that re- 
ported by Schwartz (1971) was employed. 
Tables 2 and 3 summarize the results of 
this analysis. 

Table 2 indicates rather dramatically 
that Ss tend to be active participants when 
attempting to solve these problems with 
almost half the problems changed in repre- 
sentation from the mode in which they 
were originally presented. Note the highly 
significant effect due to mode of representa- 
tion, F (2, 66) = 22.12, p < .001, with only 
17% of the Ss in the matrix condition 
changing representation compared to 57% 
and 74% changes under the sentence and 
network treatments. Males tend to change 
representations somewhat more often than 
females 53% to 46%, F (1, 66) = 7.43, p < 
.01. All other effects were not significant. 

A more detailed analysis of these changes 
of representation and subsequent solution 
rates is presented in Table 3.* When mode 
of representation actually used is con- 
sidered, the matrix representation does 


? Significance tests are not reported in connection 
with the data in Table 3 since a particular subject 
may contribute anywhere from 0 to 4 entries to a 
cell, resulting in nonindependence of observations. 
The sample sizes are generally large, thus it is lioped 
the trends may be gleaned from the reported sum- 
mary of the descriptive statistics, i 
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TABLE 
“Rate / > EMS A POPULATIONS 
PROPORTION or TIMES EACH MODE OF REPRESENTATION WAS USED AND CORRESPONDING SOLUTION RATES FOR VARIOUS PROBLEMS AND POPULATION 
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yield better solution rates than the other 
modes of representation (58% compared 
to about 40%). 

In comparing the use and solution rates 
for the matrix representation versus the 
three other modes combined, it was found 
that the matrix was used about equally 
often in affirmative and negative problems 
(56% and 63% respectively). The differ- 
ence in solution rates between the matrix 
and other modes in the affirmative condi- 
tion was large (80% vs. 46%) compare 
to those observed on negative problems 
(37% vs. 32%). Thus the advantage ° 
the matrix representation appeared almost 
entirely in the affirmative problems. 

There was little difference in use of 
latrix representation on conjunctive versus 
disjunctive problems with the matrix repre 
sentation yielding superior performance 0” 
both types of problems (71% vs. 54% 0n 
conjunctive and 45 76 vs.25% on disjunctive 
problems). Thus the matrix representation 
appeared about equally advantageous i" 
both types of problems compared to the 
other representations. 

As expected, the matrix was used more 
frequently in the condition where tl 
problems were presented originally in that 
format (83%) compared to condition? 
Where problems were presented in sentenc? 
(5995) or network formats (68%). 
though the matrix representation produce? 
higher solution rates under each conditio?" 
the relative superiority of the matrix 0V@ 
the other representations remains abou" 
the same in all three presentation co”! i 
tions (with differences in solution rates ° 
15%, 19%, and 28%). : 

Males used the matrix representa oy 
69% of the time compared to only n 
for females. In both cases, however, ju- 
matrix representation yields higher eo 
tion rates (64% vs. 44% for males, ? 
51% vs. 37% for females). 

To summarize, Table 3 indicates 
rior performance for those problems 
tempted within the framework of a n 
representation in all conditions excePt 
negatively stated problems. "Eo 

Other. transformations.—ln additio? yo 
changes in mode of representation, 


m 


on 


PA 


a 
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other transformations were determined 


from Ss Protocols. In 45 problems, nega- 
ve information was transformed into af- 
rmative Statements, compared to only 2 
Bo pb the opposite direction. Like- 
tin E P; disjunctive problems informa- 
Bava P ranged into a conjunctive form, 
D. e only 17 conjunctive to dis- 
the iov. transformations, Performance in 
of hie os posttest accounts for only 10% 
El aa in success on the four ex- 
ja a ea r (71) = 34,p< 01. 
Correl; OF the same magnitude as the .28 
5,» Cation between success on “who-done- 
Er oblems and performance on this logic 
9und previously (Schwartz, 1971). 


DISCUSSION 


The Main 


(Schivarts findings of the previous study 


Matrix 1 1971) are confirmed in that the 
Used þy Kode of representation, as actually 
Derfor S, again leads to significantly better 
iere deneg on all problems except those 
gatia Ormation was presented in terms of 
o e statements. Furthermore, seem 
rep Sonize the appropriateness of this form 
f ehacsentation as evidenced in the low rate 
matr. ES in representation (17%) in the 
Work as compared to the sentence and net- 
Conditions (57% and 74%). When Ss 
tion, Ane the representation of the informa- 
'éDreso ey most often change to a matrix 
e Aion; thus of the problems originally 
half ed in sentence or network modes almost 
"prese; 6) were changed by Ss into a matrix 
mentation. 
irae. generally superior performance on af- 
ent a and conjunctive problems is in agree- 
m previous findings in the concept 
195 ament literature (Conant & "Trabasso, 
Of age Schvaneldt, 1966). That the advantage 
in ,, Mative over negative problems is greater 
Case e conjunctive compared to disjunctive 
E , also corresponds to results found in 
196, les on concept attainment (Bourne & Guy, 
Positive instances are more readily 
in most strategies for attaining con- 
"€ concepts while the reverse is true for 
“tive concepts. The results, however, 
rary to the finding of little difference 
Juncti, c poppe in conjunctive and dis- 
The differc, lems reported by Schwartz (1971). 
Ive blent e primarily on disj ROUVE poses 
Chwartz (1971 aere solution rate was 77% In 
* ) compared to 45% in the 


ne 


are 
i‘ cont 


:Ctween 
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present study. Scrutiny of the two disjunc- 
tive-affirmative problems (Schwartz, 1971) 
reveals that the statements in these problems 
inadvertently had been presented in an order 
conducive to solution. That is, information 
required to determine various attribute pair- 
ings appeared in close proximity to each other. 
Hence. the conjunctive-disjunctive difference 
found in this study seems more reliable. How- 
ever, as has been noted previously (Schwartz 
1971), these results must be interpreted with 
caution since the problems were not precisely 
equated in terms of sentence-by-sentence in- 
formation correspondence. Instead, since the 
primary objective of the study was to explore 
the utility of various modes of representation, 

the problems were matched only to the extent 
that each contained sufficient information for 
solution, an equal number of statements, and 

five specified values on each of three dimensions. 

In addition, differences in solution rates 
could not be attributed solely to differential 
use of the matrix mode of representation. 
Rather, success seemed to be influenced more 
by how accurately information originally pre- 
sented was represented by the S. For example, 
the poorer performance on negative problems 
may be inferred from the fact that 45 negative 
problems were transformed by Ss into an 
affirmative mode while the reverse occurred 
only twice. This extra operation of transfer- 
ing information provided additional oppor- 
tunities for errors to take place. In fact there 
was evidence of incorrect representation of 
information on 29 of the 45 transformed nega- 
tive problems. An intriguing ancillary finding 
in this study appears with respect to the 
small, but significantly superior performance 
of males (56%) compared to females (45%). 
Previous studies on problem solving with in- 
sight problems have reported similar results 
(Duncan, 1961; Staats, 1957). If, as hypothe- 
sized, development of an appropriate repre- 
sentation of information plays a key role in 
many problem-solving situations, then the 
tendency for females to be somewhat more 
reluctant than males (4605-5395) to change 
the problem from its original representation 
into a new mode may contribute to the small 
but consistent difference between performance 
of the sexes. 

To conclude, the hypotheses of the instru- 
mental role of representation of information in 
problem solving was supported. The superi- 
ority of a matrix mode of representation for a 
variety of problems has been demonstrated in 
two studies suggesting the need for subsequent 


E 
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investigation concerning why this form of 
representation is effective, and exploring tasks 


for which other representations may be more 
suitable. 
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SEARCHING FOR TO-BE-FORGOTTEN MATERIAL 
IN A DIRECTED FORGETTING TASK 


WILLIAM EPS 


EIN! anp LUCINDA WILDER 


University of Wisconsin 


A selective search account of directed forgetting assumes that all input items 
are available in memory and that a cue to forget some of the items enhances 
recall of to-be-remembered (TBR) items by directing S to selectively search 
the TBR material and exclude the to-be-forgotten (TBF) material. Occasional 
tests of TBF items were included in a paired-associate probe experiment to 


test the notion that TBF items are avai 


able to S but are normally excluded 


from the search set. When S was not informed that the probe was for TBF 


material, recall was very low, as 


would be expected if the search were restricted 


to the TBR material. When S was informed that the probe was for TBF 
material and could redirect the search, recall was equal to lists in which no 
forget cue was given. The recall and error data provided good evidence that 
Scan maintain a selective search. Selective search as the mechanism operative 


in directed forgetting was discussed. 


, Wh 


put 
inpy, 9* to remember only part of the 


In 
(TBR) recall _of the to-be-remembered 
J f rx is enhanced relative to 
f the same material when S is re- 
differeng, remember the entire input. This 
Studied e, called the Only effect, has been 
Ments h in paired-associate probe experi- 
Wilde,» Bjork (1970, Exp. II), Shebilske, 
PUT an and Epstein (1971), Epstein, Mas- 
‘ nd Wilder (1972), as well as in other 
1979. 9! experiments (see Epstein, 1969, 
ture’ n press for a review of the litera- 
: io. Prototypical trial in the paired- 
lows. j Probe experiment proceeds as 
One ay the first set of pairs is presented, 
Seq, a time, then an interset interval, a 
me, „Set of pairs is presented, followed 
fir, lately by a briefly exposed cue (“only 
SDeci only second," or “either’’) that 
br s memory load for the trial, then 
bs retention interval culminating in a 
nio e of the pairs. Superior recall 
nis 7 trials relative to "either" trials 
Done Only effect. : 
al oe et al. (1972) attributed the 
tials Ect to selective search. On "only" 
fie the cue defines a search set and 
to search selectively in that 


en S is directed to forget part of the 


a i 
Asoc. 


Ug 


Eie "t 


1 
R Reg ues: 
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Si partment of Psychology, University of 
Building, Charter at John- 


1 


m 54006, 
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set. On “either” trials, the cue does not 
partition the memory set into search and 
not-search sets. Consequently, the search 
set on “only” trials is smaller and more 
likely to include the desired response than 
the search set on “either” trials. These 
differences between the search sets can 
account for the Only effect. Evidence for 
the selective search hypothesis was pro- 
vided by Epstein et al. (1972) by showing 
that when the size and composition of the 
search sets are equated on “only” and 
"either" trials there is no advantage to 
"only" trials. 

One implication of the selective search 
hypothesis which distinguishes it from its 
competitors, e.g., an erasure hypothesis or 
a selective rehearsal hypothesis (Epstein, 
in press), concerns the status of the to-be- 
forgotten (TBF) pairs. The selective 
search hypothesis implies that TBF and 
TBR items will be equally available. The 
results of recognition tests for TBF and 
TBR items, administered in other para- 
digms (e.g., Block, 1971; Elmes, Adams, & 
Roediger, 1970) support this claim. Never- 
theless, the claim of equal availability does 
not imply equal recall. Recall test per- 
formance will depend on S's strategy of 
search. Consider two conditions of testing 
for recall of a TBF item in the paired- 


associate probe paradigm. In both condi- 


tions, S ig given an "only" cue, but then 
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is tested unexpectedly with a probe stimu- 
lus from the excluded, TBF, set. In the 
informed condition, the stimulus is accom- 
panied by a signal that indicates to S that 
the probe is for the TBF set; in the unin- 
formed condition, the stimulus is presented 
alone. If S can maintain a selective search, 
performance on these two tests should 
differ significantly. In the informed condi- 
tion, the signal should serve to direct S 
to search the noncued (TBF) set. Assum- 
ing availability of the TBF items, recall 
should be high. Ideally, recall of the TBF 
items should be superior to recall on an 
“either” trial and approximately equal to 
TBR recall on an “only” trial. Reitman, 
Malin, Tanner, Bjork, and Higman (1971) 
have shown that TBF probes that are 
identified for S do yield evidence of signifi- 
cant TBF recall. Their paradigm allowed 
selective rehearsal of TBR items, and this 
may account for their finding that TBF 
recall was consistently lower than TBR 
recall. The outcome on a TBF probe in 
the uninformed condition should be drasti- 
cally different. Under these circumstances, 
S should restrict his search to the cued, 
but now inappropriate, set. Consequently, 
S should fail to locate the correct response 
and TBF recall should be poorer than 
recall on an “either” trial. The principal 
aim of the present experiments was to com- 
pare TBF recall under the informed and 
uninformed conditions with recall of TBR 
items on Straight "only" and "either" 
trials. 

A secondary aim of the experiment was 
to reexamine our earlier findings regarding 
the absence of an influence of the oppor- 
tunity for selective rehearsal during the 
postcue interval on the effectiveness of the 
cues. Both in the Shebilske et al. (1971) 
and Epstein et al. (1972) stu 


dies, the oppor- 
tunity for rehearsal was varied between 
Ss. The studies of incentives in acquisi- 


tion and retrieval (Harley, 1965a, 1965b, 
1968; Loftus & Wickens, 1970) show that 
the optimal conditions for demonstrating 
an incentive effect are those which expose 
the same S to all incentive conditions. The 
view that incentive manipulations essen- 
tially are rehearsal manipulations (Mon- 
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tague, Kiess, Hillix & Harris, i M 
Wickens & Simpson, 1968). suggeste No 
that the within-S design might prov! "m 
fairer test of the effect of rehearsal in d 
directed forgetting experiment. As T MM 
earlier studies, the interesting compar! z 
is between the Only effect when re 
is encouraged and when it is inhibited by 


S tcue 
distractor task that fills the pos 
interval. 
METHOD 
on 
Apparatus. —Al| materials were presented A 


4 x jector- 
slides by means of a Kodak Carousel Bo 
Psionix Series 1600 logic system contro 
presentation rate. 


Design.—Forty-four lists (4 practice, 


the 


16 training | 


P vere | 
$ ei ear d airs wel 
and 24 experimental lists) containing four pa 


presented to each S. The stimuli Mer (1960) 
nonsense syllables selected from the Archer hosen 
norms (range = 37 to 61); the respon: COMES s 
from the categorized lists of common English n list 
prepared by Battig and Montague (1969). i = sonse? 
were categorized; i thy words serving as TOS (ter 
in the two sets in each list were selected from ae 
ent categories, for example, BAF-DOOR, TEV-WALla 9. 
CERB-SPIDER, QYT-ROACH, 
arbitrarily chosen the test item. E 
presented as follows: after a. 1-sec. ready MAUS 
pairs were presented one at a time, a sul irs wert | 
problem appeared for 3 sec., two more TR ex 
presented one at a time, followed bya mua intel 
posure of the instruction cue, a 2-sec. po: Mos pre 
val, and finally a test slide. The pairs MEE E 
sented for 2 sec. each, the test slide was pre cede! 
for 10 sec., and a 2-sec. intertrial interval Pre 
the next ready signal. 

Instruction cue, serial position of the tes 
and composition of t 


One pair ir 


ction 


t iter) 
hr 
he postcue interval Wed jon 

within-S variables, For a given list the in e 
cue was the word "first," "second," QU E 
"First" and "second" were "only" cues in E c 
informed S that the tested pair would et could A 
from the designated set, so that the other E that D. 
forgotten. The cue “either” informed er the m 
tested pair would be selected from eit s retain g 
or second set so that all pairs had to Ben E | 
In the 16 training lists each of the four Ae ona | 
tions was tested once with an “only ONES. ie 
with an "either" cue. Each of the Pip which fst 
combinations was tested once in à lis nce in ? gon 
postcue interval was unfilled and o 


trac 
E » ith a sub 
in which the interval was filled with 


oe 
oblem. m ihe 
Phe 24 eXperimental list: included tens ren 
16 cue-po 1-filler combinations. Tos T 
ing 8 lists, an "only" cue was ne rather ‘a 
test item was a member of the TB fest, 5 W006 
the TBR set. At the time of aS ^ue had pef 
formed or not informed that th ne 


item was 4 
inaccurate, i.e., that the test item 


SEARCHING MATERIAL WITH DIRECTED FORGETTING 


Em set. On informed TBF (ITBF) probes, 
Danied | us member of the tested pair w 
(UTBF) i mS asterisk. On uninformed 
Four of Ts nu the stimulus alone was presented. 
contained UTBE contained ITBF tests and four 
Riven odes i test Each type of TBF test was 
cue me em the cue "first" and once after the 
and unfilled when the’ postcue interval was filled 
had oben d For half of the Ss, tested TBF items 
Mainin, ES in Serial Positions 1 and 3; for the re- 
tions 8 Ss, tested TBF items had appeared in Posi- 
ns 2 and 4, 


s tested in every cue-position- 
This required 48 versions of the 
ot ust and two Ss were assigned to each 
The presentation sequence of each version 
PEL with the restriction that there were 
Serial one than two of the same cue and same 
Testriction im of the test item. There was no 
Unfilled a the length of a sequence of filled and 
i postcue interva In the experimental 
eight TBF probes occurred between the 
- All, SU enty-firstlistsof the session. — 

D thean ceived the same set of four practice lists 
Interval s order. In two of the li ts the postcue 
Mainder Ti filled and it was unfilled in the re- 
One Masa) he set contained three “only” cues and 

either" cue, 

orgaga First, Y was trained in the directed 
Practice © task by having S work through the = 
describi and 16 Then, instructions 


set of li 
Version. list 


Was rand 
no runs 


and S was given the 24 experimental 

naire a a m ion was concluded with a question- 

The nd short interview. 

ti De-recorded instructions before the practice 

3l ile ne lists were similar to those used by 
e "ue A al. (1971) and Epstein et al. (1972). 
Meaning of the cues was carefully explained 


SUY represent the test. 
orgel Aes S was specifically instructed to 
tolq « he set that will not be tested” rather than 
as warn can forget the set that will not be tested” 
Ss wer he practice in our previous studies. The 
intervat ed that the composition of the postcue 
Tung of had been randomly determined and that 
them ies or unfilled intervals need not concern 
in the Vhenever a subtraction problem appeared 
Ss Sere eae of the list or in the postcue interval), 
em m HUE to write the answer to the prob- 
ou ay the answer as odd or even. They 
3-sec. d to confine work on the problem to the 
Screen, S that the subtraction slide was on the 
Ss were ins en the postcue interval was unfilled, 
Set (s) E e a to use this time to rehearse the 
SS Were eae on which they would be tested. The 
hat SOR pened that the lists were categorized and 
the experime r modd be presented only once during 
Ubtracti nt. The Ss wrote their answers to the 
"n Deae and the probe tests in a 

ey were encouraged to write a response 


Soklet, 
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After each response, Ss turned the 
page so that previous responses were not visible 
when a new list was presented. The Ss were not 
allowed to change or make additions to previous 
responses. 

After completion of the training trials, S was 
given instructions concerning the introduction of 
TBF probes. The purpose of these instructions 
was to alert S to the occasional ITBF tests, but to 
encourage maintenance of the same performance 
strategy that had been used during the training 
trials. The S was told that she would be able to 
recognize the TBF probes because the test syllable 
would be accompanied by an asterisk. It was 
essed that these TBF tests would be very infre- 
and that S should perform as if the cues were 
always accurate. The Ss were told that "the pur- 
pose of these occasional tests of TBF items is to 
let us compare what happens to pairs you are trying 
to remember with pairs you are trying to forget. 
We won't be able to do this unless you continue 
trying to forget items you are told to forget.’ 
The Ss were instructed to do as well as they could 
on TBF te: It was again emphasized that the 
“most important thing is to continue doing the 
task the same way you have up until now." The Ss 
were not told that the experimental trials would 
contain four UTBF probes. Finally, E informed S 
that all other aspects of the task, i.e., list composi- 
tion, presentation rate, and method of making 
responses, were the same as they had been during 


for each test. 


stri 
quent 


the training lists. 

The experiment was concluded with a question- 
naire. The main purpose of the questionnaire was 
to determine if S felt she had changed her perform- 
ance strategy after introduction of the TBF tests. 
The S was asked if she tried to do the task in the 
same way and if she felt she had succeeded in that 
goal. In addition, S answered several questions 
about how she had tried to learn the pairs, how she 
had utilized the cues, and whether she had rehearsed 
during the postcue interval. The interview was 
used to resolve ambiguities in S's written answers. 

Our predictions for the experimental trials were 
based on the assumption that Ss would continue 
to utilize the "only" and "either" cues on the 
experimental trials as they had on the training 
trials. Therefore, only Ss who had claimed not to 
have changed their performance strategy after the 
introduction of TBF probes were included in our 
analysis. When .S claimed to ha s , 
the e were discarded D quem eme -—«— 

d d a ent S was 
given the same sequence of lists. The most com- 
mon type of Suatogy change in the experimental 
trials involved trying to remember all the pairs in 
each list regardless of which cue was given. 

Subjects.—1 he 5s were volunteers from the 
SUEDE Mie vem qu HU he ee 
065s. O obtain the required 


RESULTS 


Only effect on training and experimental 
trials —The purpose of this analysis was to 
ascertain whether introduction of TBF 
tests changed S's performance on “only” 
and "either" trials. Recall on the 16 
training trials was compared with recall 
on the 16 experimental trials on which an 
"only" cue or an "either" cue was given. 
Each S contributed data for all four serial 
positions. Overall performance on the 
training and experimental trials did not 
differ, F (1, 95) = 1.24, p > .05; nor was 
this variable (training vs. experimental 
trials) involved in any interactions. This 
analysis establishes that introduction of 
TBF probes did not alter performance on 
“only” and “either” trials. "Therefore, per- 
formance on all 32 "only" and “either” 
trials may be described together. 

The proportion recalled is sh 


as a function of cue and serial position for 
the filled and unfil 


led postcue intervals. 
Proportion recalled was significantly higher 
on "only" trials (.68) than on "either" 
trials (.53), F (1,95) = 70.00, p < .01, and 
was higher following an unfilled postcue 
interval (.64) than following a filled postcue 
interval (57), F (1, 95) = 24.65, p < .01. 
The Cue x Filler interaction was significant, 
F a, 95) = 7.63 p < .01. Planned com- 
parison tests showed that there was a 


own in Fig. 1 
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* F Proportion correct for “only” cue and 
either” cue for each of the four serial positions 
averaged over training and experimental trials, 
(Left panel shows results for filled condition; right 
panel, for unfilled condition, ; 


EE : Data are from 96 
original Ss.) 
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significant 19% Only effect when the po 
cue interval was unfilled, F (1,95) = 72.20, 
and a significant 10% Only effect when the 
interval was filled, F (1, 95) — 20.40, both 
ps < .01. The larger Only effect with EC 
filled intervals was due to sipaiheay 
greater "only" recall for unfilled EX 
(74) than for filled intervals (.62) F (1, 9° 
= 29.28, p < .01. “Either” recall in bs 
unfilled (.55) and filled (.52) conditions di 
not differ, F (1, 95) = 2.05, p > .05. ^ 
Performance on experimental trials —The 
analysis of performance on the experimen tal 
trials compared recall on "only," "tires 
ITBF, and UTBF probes. Since each 
was given ITBF and UTBF tests on items 
that had appeared in two of the four gero 
positions in the list, only the data from the 
same two serial positons on “only” aní 
"either" trials were considered in this 
analysis. For half of the Ss, recall data 
for the four types of tests were generate 
by items that had appeared in the first = 
third serial positions; for the remaining i 
recall data for the four types of tes! 
stemmed from the second and fourth set! 
positions. à 
Serial positions tested (one and ihres 1 
two and four) was a between-S variab a 
it was found to be nonsignifican 
F (1, 94) — 1, and did not enter into any 
interactions, Proportion recalled was sign 
ficantly higher when the postcue interv 
was unfilled (.53) than when the interV? 
was filled (.48), F (1, 94) = 6.05, p € 109: 


bid a F t 
The main effect of cue was significan 
F (3, 282) = 69.70, p < 01; proportio" 
recalled were 


70 on "only" trials, -? 22 
"either" trials, .51 on ITBF trials, an ga 
on UTBF trials. However, there Na 
Significant Cue X Filler interact" 
(3, 282) = 4.04, p < .01, asshown in filled: 
1. When the postcue interval Mem 
the 795 Only effect was not sign, “BE 
(L 282) = 2.66, p > 05. THE her 
recall was significantly lower than = rect 
recall, F (1, 282) = 7.81, and UTBI 
was significantly lower than ITBF > 
F (1, 282) = 18.62, both ps < Lu. b 
the postcue interval was unfilled, E 982) 
Only effect was significant, / eM did 
= 13.77, p <.01. The ITBF rec? 


SEARCHING MATERIAL WITH DIRECTED FORGETTING 


a TABLE 1 
ROPORTION CORRECT ON 
RIALS FOR Two Sun] 


SRM VERA 1 Postcue interval E 
Filled Unfilled 
Original 
Only 64 | 76 
El s is 
ITBF "m 58 
UTBF 25 19 
Criterial 
Jnly 33 
Either 4s | 50 
) al A6 
18 | 13 


=| u- eps 
96 for original and criterial Ss. 


Not g; 
ait from “either” recall, F (1, 282) 
lower ie UTBF recall was significantly 
p. ain VT BF recall, F (1, 282) = 76.05, 
tes bblication of a performance criterion.— 
Srforme, remembered that the analysis of 
rials i arg on training and experimental 
Ir A cg was based on data from all 
hange lal positions revealed no significant 
of TBE the Only effect after introduction 
*Xperi, tests. However, the analysis of 
data Mental trials which was based on 
that ion two serial positions indicated 
tio, tls 7% Only effect in the filled condi- 
signifies not significant. Failure to find a 
May ant Only effect suggested that Ss 
the "ve changed their performance for 
cha, Positions in question. If Ss did not 
Size = their performance strategy, the 
the & the Only effect for each S should be 
Pap me before and after introduction of 
forma tests, We therefore devised a -per- 
to eR criterion indicative of S’s ability 
trainin, advantage of the "only" cue on 
termins, and experimental trials. We de- 
inti qd the number of Ss who, after 
Oni em on of TBF tests, produced an 
the n ect that was as large or larger than 
tion Y effect produced before introduc- 
Bed i. tests. In this manner, we 
in, ore al s lose Ss who were equally able 
ber Uetion to use the "only" cue after 
so, Oted t of the TBF tests. It should 
ely lat this group did not consist 

S who produced a positive Only 


Seg. 
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effect on the experimental trials; it also 
included Ss who produced no Only effect 
or a negative Only effect. We found that 
49 of the original 96 Ss met the performance 
criterion; of these, 25 had been tested in 
Positions 0 and 3 and 24 had been tested 
in Positions 2 and 4. 

An analysis of recall on experimental 
trials for these 49 criterial Ss indicated 
that there was a significant Only effect in 
both the filled and unfilled conditions. 
A significant Only effect is a necessary 
prerequisite for interpreting ITBF and 
UTBF recall because the presence of an 
Onlv effect demonstrates that 5s continue 
to take advantage of the forget instruction 
even though they are aware of occasional 
TBF probes. However, because of the 
small number of criterial Ss, test items were 
not counterbalanced over the cue-position 
combinations as they had been in the ori- 
ginal design requiring 96 Ss. We therefore 
decided to replace the 47 original Ss who 
had failed to meet the performance criterion. 

Replacement Ss.—The data from the 49 
Ss who had met the verbal report and per- 
formance criteria were retained. Each of 
the 47 Ss who had failed to meet the per- 
formance criterion was replaced by an S 
whose verbal report and recall data indi- 
cated she had used the same performance 
strategy on training and experimental 
trials. Replacement Ss were run on each 
of the sets of lists requiring replacement 
until one was obtained that met the verbal 
report and performance criteria. A total 
of 126 Ss were run to obtain the 47 required 
replacement Ss; 27 of the 126 Ss were 
disqualified by verbal report of a change 
in strategy and 52 Ss were disqualified by 
failure to meet the performance criterion. 
The Ss were undergraduate students who 
participated in the experiment to satisfy a 
course requirement. 

The only effect on training and experi- 
mental trials for the 96 criterial Ss.—The 
proportion recalled on training and experi- 
mental trials is shown in Fig. 2 as a func- 
tion of cue and serial position for the 
filled and unfilled postcue intervals. Pro- 
portion recalled on “only” trials (.70) 
was significantly greater than on “either” 
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Fic. 2. Proportion correct for each serial position 
on tra 


ng and experimental trials for “ 
and “either” 


intervals. 


only" 
cues with filled and unfilled postcue 
(Data are from 96 criterial Ss.) 


trials (52), F (1, 95) = 102.09, p < .01. 
Overall performance on training and ex- 
perimental trials did not differ, F (1, 


95) 
<1. However, there was a significant 
Cue X Trials interaction, F (1,95) = 13.93, 
P<. Lr 


There was a significant 12% 
Only effect on the training trials, F (1, 95) 
= 36.60, and a significant 22% Only effect 
on experimental trials, F (1, 95) — 122.10, 
both ps < .01. The larger Only effect on 
experimental trials was due to greater 
"only" recall on experimental trials (.72) 
than on training trials (.67), F (1, 95) 
= 6.00, p < .05, and to smaller "either" 
recall on experimental trials (.50) than on 
training trials (.55), F (1, 95) = 6.50, 
P «.05. 

Performance was significan tly lower when 
the postcue interval was filled (.58) than 
when it was unfilled (64), F (1, 95) 
= 12.95,5 <..01. The Cue X Filler inter- 
action was of borderline significance, F 
(1,95) = 3.74, p < .10. However, planned 


comparison tests revealed that for the train- 
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eg > unfilled 
ing trials the 16% Only effect in the anil 
condition was significantly larger Mr f 
9% Only effect in the filled cond 
(i95) = 490, p « 05. For the cR 
mental à "b 
Only effect in the filled and unfilled Sod 
ditions (25% and 19%, respective A 95 
short of statistical significance, 7 (^ 
= 3.97. E. 
Performance on experimental trials 
criterial Ss.—Serial position tested Ded 
3 or 2 and 4) was a between-S vanan 94 
was found to be nonsignificant, / i erac- 
X 1, and did not enter into any en 
tions. The main effect of cue pos pro 
nificant, F (3, 282) = 126.23, p < -0 trials 
portions recalled were .78 on “only > trials: 
-47 on "either" trials, .44 on ITBF alysis 
and .15 on UTBF trials. In this Mee 
the 4% reduction in performance pra not 
by filling the postcue interval was 
significant, F (1,94) = 3.73, p > -09-, "is. 
Cue X Filler interaction was not S!8 
cant, F (3, 282) = ; , 
means are shown in Tz nly 
postcue interval was filled, the 21% o 
effect was significant, / (1, 282) ot diffe" 
p < .01. The ITBF recall did p and 
from "either" recall, F (1, 282) < "char! 
UTBF recall was significantly love 01; 
ITBF recall, F (1, 282) = 30.42, P “tied 
When the postcue interval was | DR i 
the 33% Only effect was significan taf 
(1, 282) = 63.47, p <.01, The Il, 
recall did not differ from “either” ™ 
F (1, 282) —.53, p» .05, and 
recall was significantly lower than 
recall, F (1, 282) = 61.98, p < Ob 
Error data for 96 criterial Se s m 
% of the errors were omissions @ 


jor 96 


1 an 


'Table 2 shows the proportion P the TEH 
intrusions which were members EN m n 
and TBF sets for the Hed. eee at 
postcue interval. With an a: a 
S was responsible for both ps mate a 
labels TBR and TBF merely pet j 
tested and not-tested sets, re p ab 
When a TBF test was E Y. m i 
TBR refers to the set designated DE ua 
and the label TBF refers to the $ 
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Provortioy 
0-BE-R 


Cue cond Filled Unfilled 
TBR TBF TBR TBF 
37 81 319. 
ES 53 AT 
43 22 48 
NI 88 12 


cue the TBR aa i Doo set; for 
ed s or the ITBF cue TBR 

et; TBE is the ed (finally cued) 

R is the cued set, TBF is the actual 


test, 

ed. F 

na all four cues, there was a 
Set th Pportunity for intrusions from the 


o as n tested because it contained 
Sted eae items; the set which was 
ln order t ained only one untested item. 
tunity o correct for differential oppor- 
Substity riage numbers of intrusions were 
tions ELM for total numbers and propor- 
tions Bese then calculated. The propor- 
rusi hown in Table 2 thus reflect the 
`h 9n rate per item. 

€ error data provide strong evidence 
hen can maintain a selective search. 
Proportin only" cue was given, a small 
`B CON of the errors originated from the 
howe Set. When an "either" cue was given, 
ih EOS almost half of the errors were 
tw t trusions: The error data for the 
* cii 2 TBF tests are especially im- 
the a, dn UTBF trials, the majority 
b he TIOrS come from the set designated 
a only" cue. On ITBF trials, when 
he Is countermanded by the asterisk 
Stem fr est slide, the majority of intrusions 
md the set indicated by the asterisk. 
s. SHonnaire data for the 96 criterial 
ha c Although all 96 Ss appeared not to 
On Pas their performance strategy 
a lists as determined by 
iteris rbal reports and the performance 
fo n, 50 (52%) of the Ss claimed they 


BIA eraai 
rą occasional tests of TBF items dis- 


leti a 
qna Since Ss were not told that they 
ere d esee. several UTBF tests, they 
to be mi E ked if they found any of the cues 
claiys inisleading, and 47 (49%) of the Ss 
they had. Of these 47 Ss, 32 cor- 


that 


Dreg, 


the 


their 
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rectly noted the nature of the deception; 
ie., they stated that at least on one occa- 
sion the test item was not a member of the 
set designated by the cue and was not 
accompanied by an asterisk. 

Most of the Ss (87%) indicated that they 
tried to learn the pairs by remembering the 
associative link; the remainder simply 
tried to learn the responses. When asked 
if they could rehearse the pairs during the 
filled postcue interval, 12% replied yes, 
43% replied no, and 45% replied that they 
could rehearse on some trials, especially 
if the subtraction problem was easy. When 
asked if they rehearsed during the unfilled 
e interval, 56% responded yes, 196 
responded no, and 37% stated that they 
rehearsed during some of the unfilled 
intervals. When they were able to re- 
hearse, 92% reported rehearsing the set (s) 
designated by the cue. 


postcu 


DISCUSSION 
The fundamental premise of the selective 
search hypothesis is that the cue exercises a 
directive influence on the search process. Two 
findings of the present experiment provide 
strong confirmation of this premise. First, 
there is the low level of UTBF recall relative 
to recall under the other cue conditions. When 
S received an immediate direction to the 
appropriate set (*only" cue), recall averaged 
77%, when S received a delayed direction to 
the appropriate set (ITBF probe) recall 
averaged 44%, but when the cue misdirected 
S's search (UTBF probe) recall was sharply 
down to 16%. It is clear that the low level of 
UTBF recall represents a decrement in per- 
formance, since in the absence of directions to 
search selectively (''either" cue) recall was at 
48%. The error data complement the recall 
data. On the assumption that the locus of 
origin of the intrusions identifies the regions 
of search, we can claim evidence that S 
searches selectively in the set that has been 
specified by the cue. 

The foregoing observations establish that 
ege selective search occurs, but more 
igh ies Td ue ae 
sible for Only effect. C S Ed ger e. 
would have been Ee T URE, evidence 

v e present if ITBF recall had 
equaled "only" recall while “either” 
UTBF had remained at their ed E 

ud. DEBE retal heir obtained levels. 
Instead, recall was significantly lower 
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than “only” recall and equivalent to "either" 
recall. An appeal to selective rehearsal may 
seem to offer an account of the superior only 
recall, since on ITBF tests the introduction 
of the countermanding cue was concurrent 
with the probe item, leaving no time for 
selective rehearsal of TBR items. Although 
it is not possible to discard this interpretation, 
there is no evidence to support it. In particu- 
lar, we would expect, on this account, that the 
difference between “only” and ITBF recall 
would be greater in the unfilled compared to 
the filled condition. The former condition 
provides greater opportunity for selective 
rehearsal of TBR items on “only” trials and 
selective rehearsal of the inappropriate set 
on ITBF trials. The data do not confirm 
this expectation. The Cue X Filler interaction 
was not significant and ITBF recall in the 
unfilled condition was 5% higher than in the 
filled condition. 

The lower-than-expected ITBF recall could 
also be attributed to disruptive effects of the 
ITBF sequence. Assume that on the “only” 
cue S readies himself to search the designated 
set; the countermanding signal disrupts this 


state of readiness and requires 


S to redirect 
the search, 


On the further assumption that 
disruption has a general detrimental effect on 
performance, lower ITBF recall can be 
stood. 

there is 


under- 
As with the rehearsal interpretation 


no support for the disruption account 
in the experimental data. For example, the 
distribution of intrusions between the TBR 
and TBF sets is almost identical for the “only” 
and ITBF cue conditions (see Table 2). Thus, 
there is no evidence that on ITBF trials Ss 
were less successful in maintaining a selective 
search. 

Failure to confirm the prediction of equality 
of recall for “only” and ITBF cue conditions 
creates difficulties for the selective search 
hypothesis, Perhaps the aforementioned fac- 
tors are responsible; however 
of positive evidence 
interpretation, w 
that mechanisms 
may be involved 


; in the absence 
in support of such an 
€ must admit the argument 
other than selective search 
in the Only effect. For 
example, a mechanism that is triggered by the 


original "only" cue and operates to reduce the 
availability of TBF items v 


would cause lower 
TBF recall on ITBF trials relative to TBR 
recall on "only" trials, While it is clear that 
postulating an erasure mechanism would 
help explain the TBR-ITBE recall difference, 
it is also clear that other aspects of our data 
seem incompatible with an erasure mechanism. 
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¿plain the 
It is difficult to see how erasure can WM 
finding that ITBF recall. was E higher) 
higher (ranging from 19% to 39% rogos 
than UTBF recall. Noris it useful to e 
that both selective search and popu 
involved since there seems no way of fanis 
the exact contributions of the two mec w^ ES 
Given our earlier evidence (Epstein € TBE 
1972) and the evidence of almost pert OT) 
availability in the experiments of Block diner 
and Elmes et al. (1970), we believe that E d. 
efforts to establish the full sufficiency © care 
selective search hypothesis are in order be 


4 


E 
more complicated, multifactor interpretation 
are considered. was tO 

A secondary aim of the experiment W e 
reexamine the influence of selective rehears? 
Our earlier studies (Epstein et al. Sed. 
Shebilske et al., 1971) showed that the molt 
tude of the Only effect was independent desig 
rehearsal manipulations, The within-S de 


16 2i 


o 
h . tntionded f 
of the present experiment was intend a re- 
provide better conditions for crei 
hearsal effect. The analysis of the or 


96 Ss, which included noncriterial Ss, pep 
à significantly greater Only effect for ee 
filled condition both on the training and exi i 
mental trials. The difference was entirely ale 
to superior "only" recall on unfilled - fof 
relative to filled trials. Since opportunity ex- 
rehearsal in the unfilled trials would be BR 
pected to favor selective rehearsal | of are 
items on “only” trials, this outcome is erectiv® 
consistent with the operation of iis E 
rehearsal. A significant Filler X Cue in trials 
tion was also obtained on the training only 
for the final 96 criterial Ss, Again the an 
effect was larger in the unfilled condition iy” 
again this was attributable to higher e. 
recall in the unfiled condition. I Lhe 
with this latter finding were Ss’ meer did 
postexperimental inquiry that when BE ex’ 
rehearse they devoted themselves alm . 
clusively to the cued set. g i, 1974 

In our earlier studies (Epstein et a that al 
Shebilske et al., 1971) we concluded asst 
though selective rehearsal is not 2 Be reas?” 
condition of the Only effect, there is the effet 
to deny that rehearsal can enhance umb “a 
tiveness of the cues. There are f nie o! 
ways in which this could come ave emp 
possibility that would fit in with our ice OF a 
on selective search is that maintena! rehe2*. 
cued set in active memory through e 5€ 
insures that the cued set will be pet (0 
set when the probe stimulus is I 


ton 
afi! 
A z :ed deci? 
Selective rehearsal is an implied 
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Sea : 
on epee in the rehearsed set. Ac- 
Selective ro the Only effect will be greater when 
ti E rehearsal occurs. 
po uum common to distinguish be- 
the — ai components of memory 
atter iade s processes of memory. The 
retrieval mus such processes as rehearsal and 
Under S's a. and are considered to be 
rgetting Más HEY control. The directed 
Processes fe eee assumes that control 
evidence Eo. prominently in recall. The 
of selective search provided by the 


Present H 
assumptio fully justifies that 


twe 
and 


experiment 
n. 
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THE PONZO ILLUSION IN STEREOSCOPIC SPACE! 


R. T. GREENE, R. B. LAWSON, axb CYNTHIA L. GODEK? 


University of Vermont 


Eight Os reported stereoscopic size and distance of the enclosed lines of a 
Ponzo configuration as a function of their magnitude and direction of disparity. 
The magnitude of the illusion varied directly with the apparent size of the 
disparate lines, and the illusion persisted even when the critical contours ap- 
peared in different stereoscopic depth planes. 


Recently, there has been renewed. in- 
terest in the Ponzo illusion because it is 
claimed to be prototypic of geometrical- 
optical illusions which employ the perspec- 
tive cue to the perception of distance, and 
more importantly because the illusion is 
Said to arise from the application of the 
normal size constancy mechanism in an 
inappropriate situation (Gregory, 1966; 
Leibowitz & Judisch, 1967a ; Tausch, 1954). 

Figure 1 presents the geometrical or 
classical Ponzo configuration, and it is 
apparent that the apical vertical line ap- 
pears longer despite the fact that both 
vertical lines are of equal physical extent 
and, therefore, produce identical retinal 
images. Generally, explanations of the 
Ponzo illusion suggest that the converging 
lines or wedge falsely signal distance and 

thereby induce a misapplication of the 

mechanism underlying size constancy 

(Gregory, 1966; "Tausch, 1954). Essenti- 

ally, the “misapplication of size constancy” 

hypothesis, first suggested by Thiery (1896) 

to explain the Muller-Lyer illusion, states 

that an hypothetical distance cue (arising 

from linear perspective) gives rise to a 
perceptual distortion in the size of the 
apical vertical line, Presumably, this dis- 
tortion occurs because if the apical line 
(constant angular size) actually did lie at 
a greater distance from O than the other 
physically equal vertical line, the former 
would have to be physically larger to 
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maintain its fixed angular size. According 
to Gregory, the apparent distance changes 
consistent with the “misapplication of d 
constancy" hypothesis are prohibited by 
the restriction of the Ponzo configuration 
to a two-dimensional surface. 2 
Unfortunately, despite its impact, FE. 
tematic empirical evidence Supporting r5 
perspective explanation of the Ponzo il E 
sion is marginal. For example, the maj 
nitude of the Ponzo illusion and size p 
stancy for distant objects increase d 
childhood through adulthood, whereas c 
magnitude of the Ponzo illusion decrease" 
while the tendency toward size constancy 
remains the same in old age (Leibawi 2 
Judisch, 1967a, 1967b; Zeigler & Lene 
1957). Moreover, Leibowitz, Bris Y 
Perlmutter, and Hennessy (1969) hypoth à 
sized that if the Ponzo wedge serves as a on 
to distance, then differential experienci 
with perspective depth cues should influenc 
the magnitude of the Ponzo illusion. ee 
obtained size judgments consistent with A 
above argument provided that the Pong 
configuration contained additional cues on 
distance (e.g., texture gradients) ; lowes 16 
they found no significant difference pH 
magnitude of the Ponzo illusion, Me i the 
their American and Guamanian S's fo : 
classical stimulus configuration Fi M 
In fact, the Guamanian Ss, who supper 
had fewer experiences with ped for 
cues, showed a slighlty larger illusior 
the Fig. 1 configuration.? 271969] 
Recently, Fisher (1968a, 1968b; 19 


„ical 
i r optic? 
?Contrary to the perspective theory. of optet" 
illusions, Over (1968) has shown facts illusions 
parts of some of the geometricabophics eR 
even though no perspective cues (due to p 
exist in tactile space. 
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has 
o he posed that it is the mere presence 
than Pika pe lines themselves rather 
b ie hypothetical distance cue provided 
illusion wedge which gives rise to the 
* Fisher (1968b) has shown that 
Magnitude of the Ponzo illusion 
eg inversely with the convergence 
amd the wedge. Also, he found 
Within Serting more than two vertical lines 
Ppar the wedge results in a gradient of 
lings ent size distortion of the enclosed 
arises and that the distortion gradient 
lings f inn when only one of the converging 
has der Presented.* Finally, Fisher (1968a) 
When Pages eae that the illusion persists 
S I onzo wedge is replaced by pairs 
Dimi E parallel lines of differential 
EOAR to the enclosed vertical lines. 
distor ngly, the magnitude of the size 
e p in the Ponzo illusion apparently 
tours S upon the proximity of the con- 
lines defining the wedge and the vertical 
ti The results from line-frame articula- 
indie Studies (Kunnapäs, 1955), which 
Man te that the area of a frame influences 


arke 
“loseg jd the apparent length of an en- 
1 ne A 
: "id are consistent with a contour 
f explanation of the Ponzo illusion. 
m 
he d.c Sickles (1942) was first to demon- 
€S v rom Parent size distortion gradient which 
Vithin differential locations of the vertical 
the Ponzo wedge. 
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F G *1 s BJ n Á [. 1 
1G. 1. The classic or geometric Ponzo configuration. (Even though both lines produce 
identical retinal images, the apical line appears larger. 


With few exceptions (Klix, 1962; Thiery, 
1896), geometrical-optical illusory configu- 
rations have been presented upon two 
dimensional surfaces, and as a consequence 
experimental manipulations of the con- 
tours of the configuration have been re- 
stricted to flat planar displays. Previous 
investigations employing stereoscopic pres- 
entation of the Ponzo configuration (wedge 
to one eye, vertical lines to the other eye) 
indicate that the illusion persists even 
though the stereoscopic pattern is labile 
due to the absence of corresponding con- 
tours in the composite stereoscopic field 
(Fisher & Lucas, 1970). In fact, any. 
apparent separation of stereoscopic depth 
between the wedge and the enclosed 
vertical lines was minimized because such 
purportedly reduced the 


a separation 
(Day, 1961; Schiller & 


illusory effect 


Wiener, 1962). 
Contrariwise, in the present experiment, 


the complete Ponzo configuration was pre- 
sented in both half-images so that the 
magnitude and direction (in front of or 
behind the wedge) of the enclosed vertical 
lines could be varied as a function of retinal 
disparity. Whereas previous investigators 
employed dichoptic techniques to deter- 
mine the neural locus of origin of illusions, 
we determined if the Ponzo illusion would 
vary as a function of the magnitude and 


360 


LE 


———— 


LE RE 

Fic. 2 

perceptual resu 

this example, the enclosed vertic. 

disparity, and consequently they 

direction of disp: 
closed vertical lines, and, therefore, 
tour adjacency influences the m 
of the illusion only when the enti 


en- 
if con- 


à methodological 
previous Stereoscopic in- 
vestigations of illusions inasmuch 
manipulated equally the apparent distance 
and size of both enclosed contours as a 
function of disparity in order to vary their 
apparent adjacency to the enclosing con- 


tours along the Y (height) and z (distance) 
axes of Stereoscopic Space. 


as we 


METHOD 


Observers — Eight females (mean age = 22.7 yr.) 
served as Os. Each had uncorrected normal near 
visual acuity socres (20/17-20/25), normal lateral 
(3-6) and vertical (6-9) phoria, and stereopsis 
(90% Fey-Shepard) as measured by a Bausch & 
Lomb Orthorater (Model 71-21-31), 


Although each 


2. Experimental Stereogram and 
ilts produced by viewing ste 
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RE 


à schematic representation of the 
reoscopically the half-images. (In 


al lines carry an equivalent positive (crossed) 
' appear in front of the wedge.) 


sna, none 
had experience with stereoscopic pnenomiens d 
was familiar with the purpose of the EE em 
A pparatus.—Three types of stereograms king size 
ployed. One type, used to train Os in mak A 


d of five 
and distance magnitude judgments, consiste Jine? 
stereograms cont. 


aining only three vertical d C 
(angular size cons int at 41,5^), Lines A, E 
in which either Line B or C carried a cross 
crossed disparity. 


eri 

A expe, 

a » five & ati 

F igure 2 presents a prototype of [4^ schema e 
mental stereograms employed, and a tion of E. 


Tepresentation of the stereoscopic MR: 
half-images. Both of the enclosed ped 
each of the experimental eee dE varie 
equivalent disparities, and the di E 24 (unc 
+38.3’ (crossed) thru zero t = distance Sot! 
in steps of 19.15’ of arc ata ee so tha tio” 
cm. The disparities were prodige visual Pd 2 
vertical lines always carried the same vis 


as l 
l Gini 
q fro 
rosa gi 


en the dsi 

oligi N sedge when “Ol 
and magnitude relative to the wedg In other W hall 
images were in binocular register. ch Beat 


ines in ea 
the disparities of the enclosed A displacement a] 
image were generated by atene ba a dun Ei 
these lines in opposite year unease size of 
point. Thus, differences in the zi the directi?! nd 
the enclosed lines as a Bone the contou 
disparity were not confounded by 


AS 
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Drs the enclosed lines and the wedge within 
anar half-images. 
r hen the five control stereograms were identical 
sisted af T5 rend s except that they con- 
Sizes of Tes the c vertical lines. The angular 

a tree vertical lines in all of the stereo- 


Srams we i 

(41 5') b equivalent and remained constant 

display, d Finally, both types of stereograms were 
" ye In à prism stereo: scope. 


c —All Os first estimated depth and s 
uning stereograms. Under stereoscopic 


Condit; 

10} "ac £ H 
distance E cach O was instructed to consider the 
Ware tween themselves and Line A, which 


and Rus nondisparate, 
relative t to estimate the d 
as a e A. Tocs imate size, Line A served 
of B and @ 9 10 units against which the lengths 

the five Weng estimated. Random presentation 
Stereosco rie training stereograms yielded reliable 
0, Pic size and distance judgments from each 


equal to 100 units, 
tance of Lines B and C 


B 5 
grams o ive experimental and five control sterco- 
“omized p] presented four times to each O as ran- 
B pas locks which were counterbalanced across 
“ach O was instructed to estimate the size and 


s. 
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E The mean size estimates based upon all eight Os 
trials as a function of the magnitude and direction of disparity with 
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distance of Lines B and C in the same fashion as 
practiced previously. 


RESULTS 


The results indicate clearly that the 
Ponzo illusion occurred even when the 
wedge and the enclosed vertical lines 
appeared in different stereoscopic depth 
planes. Figure 3 presents the mean size 
estimates for Lines B and C in the presence 
and absence of the wedge based upon all 
eight Os across the four trials. Note that 
with increasing positive disparity the 
vertical lines appeared progressively smaller 
to Os, whereas they grew progressively 
larger with increasing negative disparity. 
An analysis of variance of the mean size 
estimates was computed, and indicated that 
disparity, (4, 28) = 39.32, p < .01; line 
position within the wedge, F (1, 7) = 22.69, 


o -19.15 -38 30 


(MINUTES VISUAL <) 


across the four 
and with- 


out the Ponzo wedge in the stereoscopic field. 
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ce E LINE B 
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DISPARITY 
Fic. 4. The mean depth estim. 


trials as a function of the magnitu 
out the Ponzo wedge in the stere 


P < .01; Line Position 
tion, F (1, 7) = 21.53, P < .01; and the 
three-way Disparity X Line Position X 
Wedge interaction, F (4, 28) — 5.33, b« 
.01 affected significantly the stereoscopic 
size of Lines B and C, Thus, the perceived 
parity; however, the magnitude of the 
illusion increased as the lines appeared 
larger in the Stereoscopic field. 

Figure 4 presents the me 
estimates for Lines B and C for the experi- 
mental and control Stereograms based upon 
all eight Os across the four trials. A depth 
estimate of less than 100 units indicates 
that the enclosed lines appeared in front 
of the wedge, whereas, depth estimates 
greater than 100 units indicate that 
appeared behind the wedge. 
Significant treatments 
scopic distance of the 
disparity, F (4, 


X Wedge interac- 


an distance 


they 
The only 
affecting the stereo- 
enclosed lines were 
28) = 14.55, D «01: 


NO WEDGE 
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WEDGE 


-19.15 - 38.30 


(MINUTES VISUAL 2) 


ates based upon all eight Os across the four 
ide and direction of dis 
oscopic field. 


parity with and with- 


and the Wedge x Disparity interaction 
F (4, 28) = 3.33, p <.05. Thus, a 
stereoscopic distance of the enclosed ES 
varied directly with disparity, and ent 
wedge appeared to facilitate the judgm 
of such distances. Ponzo 
Finally, Fig. 5 presents the percent func 
illusion based upon all eight Os as 2 loge 
tion of disparity carried by the en tica 
vertical lines.’ Recall that as both En 
lines appeared progressively diae. ied 
they also became progressively ionge 
whereas they grew progresi iy i 
with their increasing distance xi lines 
Thus, when the enclosed re nu 
appeared in different eee 
planes from the wedge as a fu x i 
ifference ," 
*The percent illusion equals the die divide 
mean size estimates between Lines D times 100. 
by the mean size estimate for Line B; 


on 
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disparity 
E ets changes in apparent line 
axis) Pec: phenomenal adjacency 
he fact T een the lines and the wedge. 
affect signifi is the wedge alone did not 
= 3.68, p po A size estimates, F (1, 7) 
line position 05, but rather interacted with 
cantly "inae disparity to alter signifi- 
enclosed lines copic size estimates of the 
supports this conclusion. 
^ Discussion 
the Py present results demonstrate clearly that 
and is ellen arises in stereoscopic space, 
enclosing e Es even when the enclosed and 
Planes, Blirthermor appear in different depth 
Cate that a mnor the present findings indi- 
varies denii magnitude of the Ponzo illusion 
y with the magnitude and direc- 
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tion of disparity carried by the enclosed verti- 
cal lines. 

As a result of increasing positive disparity, 
the enclosed vertical lines appeared progres- 
sively closer and smaller to Os, and, conse- 
quently, the apparent fronto parallel adjacency 
between the vertical lines and the wedge de- 
creased (y axis). Likewise, the depth adja- 
cency between these contours along the 3 
axis of stereoscopic space was reduced (Gogel 
& Mershon, 1969). Contrariwise, the en- 
closed lines appeared progressively larger and 
farther to Os with increasing negative dis- 
therefore, the apparent contour 
adjacency between the enclosed vertical lines 
and the wedge increased although the depth 
adjacency decreased. Thus, the fact that the 
magnitude of the illusion varied directly with 
the perceived size of the vertical lines agrees 


parity, and, 


0 -1915 738360 
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ion based upon all eight Os 
c p c s across the 
and direction of disparity carried by 
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with a contour adjacency explanation of the 
Ponzo illusion even when the critical contours 
appear in different stereoscopic depth planes. 

Recently, Gogel and Mershon (1969) Té- 
ported that the magnitude of the Gelb white- 
ness contrast effect decreased with an increase 
of stereoscopic depth between their test and 
inducing disks. Unfortunately, their targets 
carried only crossed or positive disparities and 
had we employed only positive disparities we 
would have concluded similarly that a reduced 
Ponzo illusion results when the enclosed and 
enclosing contours appear in different depth 
planes. However, our data clearly indicate 
that uncrossed or negative disparities yielded 
a larger Ponzo illusion than the zero or positive 
disparity conditions. 

Finally, Julesz (1971) has portrayed the 
Ponzo configuration by random-dot stereo- 
grams, and reports that the illusion is reduced 
when the wedge and enclosed lines appear in 
different stereoscopic depth planes. Unfortu- 
nately, all of his targets contained only posi- 
tive or crossed disparities, and although in one 
instance the wedge and enclosed lines appeared 
in different stereoscopic depth planes no sys- 
tematic data was presented to support his 
observations of a reduced illusory effect. 

In summary, the present results agree with 
previous findings that the Ponzo illusion 
persists even when the enclosing and enclosed 
contours appear in different stereoscopic depth 
planes. However, the present findings indicate 
that the magnitude of the illusion varies 

h the magnitude and directi 
the disparity i 
Furthermore, 
contour adj 
can accommodat 
both two- 


al Ponzo con- 
figurations 


regardless of whether changes of 
contour adjacency are real or apparent. 
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EFFECTS OF “RIGHT” AND “WRONG” IN A 
THORNDIKIAN EXPERIMENT ! 


IN-MAO LIU? 


National Taiwan University, Taiwan, Republic of China 


The effect of RIGHT and wronG in a modified Thorndikian experiment was 
compared with that of the initially neutral outcomes of ARMY and Navy. 
Under the latter condition, S was told that ARMY signaled RIGHT or WRONG 
and NAVY signaled WRONG or RIGHT, but not which is which. After these 
information trials were all over, S was told which represented which. There 
was a third condition of giving S information about his response, in which the 
outcomes of ARMY and Navy were used and S was told which (ARMY or NAVY) 
represented which (RIGHT or WRONG) before the information trials. More 


repetitions of correct responses were found only in the RIGHT-WRO? 


G condi- 


tion, and with training the repetitions of correct responses increased also 


significantly. 


It was concluded that A. M. Buchwald's 1969 formulation 


explains only part of the results of a Thorndikian experiment. 


Seer have been a number of experiments 
punc, ing to assess the effect of E's an- 
espanse, RIGHT or WRONG following S's 
multi id in the Phorndikian type of 
revie -choice verbal learning experiments 
una in Postman, 1962). Recently, 
Ta k vald (1969) has advanced a view that 
Ems trial in a Thorndikian experiment 
iu Tesponses are repeated more often 
Stim WRONG responses because for some 
uli S recalls both his previous responses 
B, es outcomes, and he repeats the 
and doS when the outcome was RIGHT 
onside. not when it was WRONG. Let us 

er one implication of this view. 
Uppose that at the start of an experi- 
E S is informed as to the response 
ie nd available to him, is told that 
ime ast make one of these responses each 
instru stimulus item is presented, and is 
i Icted to try to learn which response 
ino eet for each item. We assume that 
of trials are used, each trial consisting 
item ^, presentation of every stimulus 
tria] The first trial is an information 
on which E either says ARMY or NAVY, 


1^ 
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following each response. The S has pre- 
viously been informed that one of these 
(ARMY or NAvy) represents RIGHT and 
that the other represents WRONG, but not 
which is which. Before the start of the 
second trial, which is a test trial, S is told 
which of these (ARMY or NAVY) represents 
mIGHT and which represents WRONG. On 
this test trial, S is instructed to try to give 
correct responses but is still required to 
make some response to each item as it is 
presented. 

According to the view that RIGHT re- 
sponses are repeated more often than 
WRONG responses because for some stimuli 
S recalls both his previous responses aud 
their outcomes, and he repeats the re- 
sponses when the outcome was RIGHT and 
does not when it was WRONG, the above 
hypothetical experiment should yield re- 
sults similar to the usual experiment in 
which straightforward RIGHT and WRONG 
are announced on the information trial. 
This is because the probability of recalling 
ARMY or NAVY following S’s response in the 
hypothetical experiment would be about 
the same as the probability of recalling 
RIGHT Or WRONG in the usual experiment, 
although this is an additional assumption 
which is not contained in Buchwald's 
(1969) formulation. 

This study reports such a hypothetical 
experiment with slight modifications. First, 
two information trials were administered 
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prior to the test trial. In this way : m 
possible not only to study the probability 
of repeating the previous response to a 
given stimulus, but to study a change in 
this probability as a consequence of train- 
ing. Second, another condition was intro- 
duced, in which E also announced ARMY 
or NAVY following S's response, but S was 
told in advance which of these represented 
RIGHT and which represented WRONG. 
This condition was introduced on the 
following grounds. If the RIGHT—WRONG 
condition produces effects different from 
those of the ARMY-NavY condition, the 
former effects may have been acquired 
through S's past experience. Then, by 
introducing the ARMY-NAVY condition in 
the laboratory, S can acquire the new 
roles attached to ARMY and NAVY as a 
child first learns the meanings of RIGHT 
and WRONG. In this way, it may be pos- 
sible to study the genesis or process of the 
effects of rewards and punishments in 
human learning. Third, in a typical 
Thorndikian experiment, S responds to a 
stimulus word by selecting one out of 
several response alternatives. In the 
Present experiment, the response alter- 
natives were A and C. In this case, S might 
choose A all the time, or he might choose 
A or C, depending on the spelling pattern 
of a stimulus word, etc. This may make 
a Thorndikian experiment unnecessarily 
complicated. Therefore, in the following 
experiment, on the first information trial § 
was to respond to a Sequence of stimulus 
words with a prearranged response sequence. 


METHOD 


Subjects and materials.—The Ss were 180 students 
from introductory courses in psychology. Forty 
words were randomly selected from the first 150 
words in the Liu-Chuang (1970) list. Since the 
Chinese words in this list were arranged in the order 


of meaningfulness value, they were all highly 
meaningful words, 


The words were ra 
20-word lists. As in the ex, 
(1962), for each list, 4 words were held fixed in 
Positions 1, 2, 19, and 20, and the other words were 
arranged in three different random permutations. 
The different Permutations were used in different 
trials with the same list. 

Procedure.—The E read @ set of instructions at 
the start of the experiment, Portions of these 


indomly assigned to one of two 


deriments of Buchwald 
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ch tri The 
instructions were reviewed before a tha 
S was told that he would be read a € Me ci 
one of the letters À or C had been rando: ors ien 
to each word, that his task was to le: un eme OA 
went with which word. On the EA two letters, 
trial, S was instructed to say one of th rearrange 
each time E said a word, according to a p 
r explained below. an » informa- 
pe eee three conditions for giving peer te 
tion about his response. Under en indicate à 
(Cond. RW), S was told that E wou i RIGHT 
correct (incorrect) response by EET AN); 
(WRONG). Under another condition ( ded Only 
E said ARMY or NAVY each time S respon a E tell 
after the information trials were all over, di being 
S that army (or Navy) signaled S’s response sonse 
correct and NAVY (or ARMY) signaled S's TES 
being incorrect. Which response outcome E 
correctness was randomized. Under E HS 
condition (Cond. AN-RW), the procedure Ydvance 
same as in Cond. AN, but S was told in a hich 
which of ARMY or NAVY signaled RIGHT and W 
signaled WRONG. . The 
Actually there were no correct responses. ually 
words were randomly divided into two Ek 5 
large sets. On the RIGHT words, E said WE 
ARMY Or NAVY) to every response. On the V every 
words, E said wRONG (or NAVY or ARMY) EP A 
response. Equal numbers of RIGHT SOR 2 an 
WRONG words appeared in the first 2, last 2, 
middle 16 positions. P 0 Ss each 
The Ss were divided into six groups of 3 a a 
according to order of their appearance to ; to the 
3 X 2 factorial design. The first factor roles che 
3 conditions mentioned above; the second, a 
number of information trials, which was el. was 
2. For half of the Ss of each group, one Ad on 
used ; for the other half, another list was use da 
the first information trial, each S was to say mae 
the letters (A or C) according to a prearré cont 
order each time E said a word. This was ac the 
plished by preparing a pile of 20 cards. were 
back of each card was printed A or C. T nee 
10 A cards and 10 C cards arranged in a uu e 
order. For every 6 Ss assigned to the six E m 
order was used. "Therefore, there were RT car! 
orders. Each time E said a word, S UT card 
and read the letter according to the ord (Group? 
For Ss given only one information tal indicatine 
IRW, 1AN, and 1AN-RW; the numera NS he! 
the number of information trials), a taR response 
followed, on which Æ said nothing after S trial p 
The third trial was a e e a pu. 
which, each time E said a word, S resp epen di? 
RIGHT Or WRONG or with ARMY or NAVY, 
on the group to which he belonged. til 
For Ss given two information m PG 
2RW, 2AN, and 2AN-RW), they were op rial 
their own responses on the second ES (or ARMY 12. 
and E responded RIGHT or SS to secon? ^ or 
NAVY) consistently from the first (11 sy 


ip? 
ls (Gr : 


se (ARM, on 
information trials. If a RIGHT "and 2AN-RW) of 
NAVY response for Groups 2AN ar RM 


Trial 19, RIGHT 
Trial 1; was repeated on Trial 1s 
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NAVY) was announced; if S responded otherwise, 
WRONG (NAVY or ARMY) was announced. If a 
WRON esponse (NAVY or ARMY response) was re- 
Peated on Trial 15, WRONG (NAVY or ARMY) was 
announced; if S responded otherwise, RIGHT (ARMY 
Or Navy) was announced. A test trial then fol- 
Owed. On the test trial, a response was scored as 
à correct response or an incorrect response always 
in reference to Trial 1, For example, if a RIGHT 
response on Trial 1; was repeated on the test trial, 
it was scored as a RIGHT response. No recall-of- 
outcome trial was administered to any S given two 
information trials. 4 

On the information and test trials, the rate of 
Stimulus presentation was not controlled explicitly, 

ut E attemped to minimize the time between S's 
Tesponse and the next succeeding stimulus presenta- 
ton. The E recorded the time taken for each trial 
With a stopwatch. No trial took more than 90 sec. 


RESULTS 


Response repetitions —The data of re- 
Sponse repetitions consisted of the number 
ol instances in which S gave the same re- 
SPonse to a given stimulus word on Trial 1; 
and test trials. The symbols RR and WW 
Vill be used for response repetitions follow- 
"E RIGHT and WRONG or their equivalents, 
respectively, Table 1 shows the mean 
Number of such repetitions expressed as 
Proportions of the number of possible 

Petitions. The responses to the first two 
end last two words of a list were excluded 
rom consideration. 

Eom examination of Table 1 it can be 

n that the effect of training was to in- 
ae RR repetitions. This effect was 
Th Pronounced under the RW condition. 

e WW data seem not to have been 
Bur ed by training. With respect to the 

Come conditions, the performance was 
lost Superior under the RW condition, 


affect, 


M TABLE 1 
EAN PROPORTIONS or RESPONSES REPEATED ON 
RIAL 1, AND Test TRIAL TO THE SAME 
Stimutus Fottowinc Ricart, WRONG 
OR THEIR EQUIVALENTS 


C m 
Outcome cond. 
Informa. |- am f 
Hon RW AN AN-RW 
S —( RR ww RR ww RR | ww 
d 59 | 43 | 43 | 49 | .52 | .48 
2 -72 | 48 | 48 | 48 | 58 | 42 
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with the performance level under the 
AN-RW condition falling in between those 
of the RW and AN conditions, when RR 
repetitions were used as a performance 
index. The RR repetitions under the AN 
condition were slightly less than those 
expected by chance. Perhaps, the pre- 
arranged orders of A or C responses did not 
favor RR occurrences. If this happened, it 
should have affected the performance under 
the other two conditions in the same way. 

An analysis of variance applied to the 
RR data showed that the training was a 
significant source of variance, F (1, 174) 
= 9.44, 0 < .01. The outcome conditions 
also differentially affected the RR repeti- 
tions, F (2, 174) = 20.84, p < .001. The 
interaction of training and outcome con- 
ditions was not significant, F (2, 174) < 1. 

As to the three groups with a single in- 
formation trial, more RR repetitions were 
obtained only in Group 1RW than in 
Group 1AN, ¢ (174) = 3.63, p < .001. 
All the other differences were not signifi- 
cant, £ (174) = 1.71 for Group 1RW versus 
Group 1AN-RW, and ¢ (174) = 1.92 for 
Group 1AN-RW versus Group 1AN. 

An analysis of variance applied to the 
WW data showed that neither the effects 
of training nor of outcome conditions were 
significant, F (1, 174) < 1, and F (2, 174) 
<1, respectively. The interaction of 
training and outcome conditions was also 
not significant, F (2, 174) = 1.33. 

Recall of outcomes.—Table 2 shows the 
proportion of outcomes correctly recalled 
for each group. According to this table, 
recall of RIGHT outcome or its indicator 
(ARMY or NAVY) was best in Group 1RW, 
next in Group 1AN-RW, and near a 
chance level in Group 1AN. An analysis 
of variance showed that the overall differ- 
ence in recall of RIGHT outcome or its 
indicator was significant among these three 
groups, F (2, 87) = 3.35, p < .05. Fur- 
ther analyses showed that only the differ- 
ence between Group 1RW and Group 1AN 
was significant, ¢ (87) = 2.54, p < .05. 

As is apparent from Table 2, recall of 
WRONG outcome or its indicator was near 
a chance level for all the three groups. 
An analysis of variance showed that the 
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TABLE 2 


S F ECT RECALL or OUT- 
EAN PROPORTIONS OF CORR ECAI 
B COMES (RIGHT, WRONG, OR THEIR 
EQUIVALENTS) 


Outcome cond. 


RW 


overall difference in recall of bie oe OE 
come or its indicator was not significan 
among the groups, F (2, 87) < 1. 


DISCUSSION 


There was less repetition following WRONG 
in the present experiment than is usually re- 
ported. One possibility is as follows. In the 
present experiment, since S had to respond to 
a series of stimulus words with a pre 
order of A and C responses, .S' 
to respond with one of these (A or C) toa 
stimulus word could be controlled. If this 
type of S predisposition was responsible for a 
slightly higher level of repeating WRONG 
responses in a typical Thorndikian experiment, 
the wRONG Tesponses repeated should be near 
à chance level irrespective of the outcome con- 


ditions in the present experiment. The present 
results are in line with this interpretation, 
Since more correct re 


Sponses were repeated 
under the RW condition than under the AN 
condition, Buchwald's (1969) model will have 
some difficulty in accounting for this finding. 
It may be argued that the probability of re- 
calling ARMY or NAVY is lower than the prob- 
ability of recalling RIGHT or WRONG following 
S's response. However, it has to be noted that 
according to the present results only the prob- 
ability of recalling RIGHT was higher than the 
probability of recalling ARMY or Navy (when 
it indicated RIGHT). The latter probability 
was near a chance level. As to the probabilities 
of recalling wRoxG and its indicator, no differ- 
ence was obtained, Therefore 
based on differences in 
WRONG on the one h 
on the other can be 

The above consideration naturally leads to 
the following speculation. Let us illustrate 
this by means of a Sequence of three events: 
the presentation of the stimulus, the making 
of the response, and the occurrence of the out- 


arranged 
s predisposition 


; an explanation 
recall of RIGHT and 


and and army and Navy 
ruled out. 
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-onsisting of the 
come. Imagine a sequence cons! a che ais 
stimulus SCHOOL, the response A, a wing E's 
come RIGHT. Immediately Lais Piat 
announcement of RIGHT, we ean ; 
rehearses the SCHOOL-A-RIGHT a. ie. f 
though Æ attempted to eges Bec 
between S's response and the mes dar possible 
stimulus presentation to contro dita vul 
rehearsal, it could happen even wt T liehe 
short interval of time through an Qs uem d 
habit. The reasoning that me PP abit 
rehearsal is through an establis € from 
associated with RIGHT can be inferre itas 
the results obtained in the AN-RW CER 
In the AN-RW condition, even p3 had to 
was told ARMY represented RIGHT, HE before 
make sure that ARMY represented RIGET ance 
safely rehearsing the SCHOOL-A-ARMY Se reall 
Otherwise, he might rehearse an eec 
sequence. This additional stage ear the 
assurance or checking naturally Hae sm 
time utilized for rehearsal. However, i sugli 
in the AN-RW condition had a Ed i: 
practice, he might do as well as in the 
condition. 


ime 


; ;sis, Buch 
According to the foregoing snae it to 
wald's (1969) model justly applied fl 


the AN condition in the present enjan 
Under the AN condition, if correct a ři 
are repeated more often His daos are 
sponses, it is because for some stimu outcomes 
both his previous responses and their o the out 
and he repeats the responses when t when 
come was a RIGHT indicator and does ares ad- 
it was a WRONG indicator. There "S js not 
ditional factor of rehearsal because. 100L-^ 
certain which sequence of events, SCF vith- 
NAVY or SCHOOL-A-ARMY, to rehearse. before 
out rehearsal, it may take many anges ex- 
S can repeat correct responses more bet e 
pected by chance. This conjeemus et o! 
simply tested by increasing the nu ditio? 
information trials under the AN co facient 
Thus, Buchwald’s model does not PaP epending 
attention to the role of rehearsal. the usu” 
only upon Buchwald's machiy nan 
fast rate of acquisition in a Thor E 
periment cannot be accounted for. " obtained ; 
The fact that no difference wae us outc? ly 
WW repetitions among the epp a 
conditions indicated that S Pea fhe WC 
when a correct sequence Occurre! vl ef he | 
to rehearse a correct sequence P would hey 
perienced an incorrect SGHHGHE SI» ie (scu P. 
to translate the incorrect sequer (scHO” 6 
; —€— t sequence im 
A-WRONG) into the CDUEEGE Seg snough 
C-RiGHT). But it is unlikely that e 


ses 


tt, El TCL ee eee 


"RIGHT" AND "WRONG" IN THE THORNDIKIAN EXPERIMENT 369 


Was available to him because Æ was attempting 
lo minimize the intervals between responses 
and successive stimulus presentations. 
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CRITERION EFFECTS IN SIMPLE REACTION TIME: 


RESULTS WITH STIMULUS INTENSITY AND 
DURATION MANIPULATIONS ! 


A. J. SANFORD ? 


Medical Research Council, Applied Psychology Unit, Cambridge, England 


It is shown that the proportion of loud to soft stimuli ina simple meron abe 
(RT) task affects both mean (overall) RT and the difference in RT to 


and soft stimuli. 
variable reaction criterion model 
results can be obtained by varying | 
of through amplitude. 


basis of stimulus evidence accumul 


Much recent research on simple reaction 

time (RT) to suprathreshold stimuli has 
been concerned with demonstrating that 
the effect of stimulus intensity on RT may 
be large or small depending upon the exact 
conditions of testing. There is, as a result, 
a considerable amount of evidence that the 
magnitude of the effect of loudness on sim- 
ple RT depends upon overall adaptation 
conditions (Grice, 1968; Grice & Hunter, 
1964), trial-to-trial sequential properties of 
the stimuli (John, 1967a) and temporal 
uncertainty (TU) (Kellas, Baumeister, & 
Wilcox, 1969). More recently Murray 
(1970) has demonstrated that incentive 
also determines the size of the effect of 
loudness on RT and that the frequency dis- 
tribution of intensity levels in the stimulus 
series also has an effect. Thus, the loudness 
effect is greatest when there is a prepon- 
derance of loud stimuli, and it is smallest 
when there is a preponderance of quiet 
stimuli in the sequence. 

The finding th 
effect is so readil 
the locus of the 
cLILAS ES pig 


at the size of the loudness 
y controllable implies that 
mechanism giving rise to 

1 This report is b 
fulfillment for the degr 
of Cambridge. Thanks 
who supervised the wol 


search Council for 
studentship, 


2 Requests for reprints should be sent to A. J. 
Sanford, who is now at the Department of Psy- 


chology, University of Dundee, Dundee, DD1 4HN, 
Scotland. 


ased on work carried out in partial 
of PhD from the University 
are due to D. E. Broadbent 
rk and to the Medical Re- 
Support through a research 


Such a finding can be readily interpreted in terms of 2 
- It is further demonstrated that analogous 
oudness through stimulus duration instead 
This both broadens the scope of possible accounts of 
the stimulus sampling mechanisms underlying the 
provides a problem for models invoking sensory 


iple reaction process and 
integration effects as the 


ation in simple RT. 


t 
5 ET and d 
the loudness effect is central anc 


j re 
peripheral in origin, especially prd. 
paratory state variables have an in uE 
as indicated above. Various ‘CO € 
models' have been put forward ioa 
for the effect of loudness on RT Keii 
1968; John, 1967b; LaBerge, 1962; l tion 
1963). There are three basic assumpU"; 
common to these models. 
assumed r time 
presence of a signal accumulates ove 
Second, evidence accumulates at à thir 
rate for loud than for soft signals, and elicit 
the amount of evidence required tO n ex 
a response is not fixed but depends » the 
perimental conditions. This leads bs ue 
prediction that where RT increases E. ei 
to changes in the amount of eviden ud 
quired to elicit a response, RTs to bo and 
and soft stimuli will be increased 
there will be an increase in the di i s 
between RTs to loud and soft SOT al ert 
This paper is concerned with two €^ i$ 
pap asis OF "at 
mental attempts to further the bas erit p 
type of model of RT. The first exe quen 
involves a manipulation of the ithir N 
distribution of intensity. levels yi slif 
series, and is thus a replication) stus 
differences, of Murray's Eu the aff 
The second experiment exten i the 
ment and is an examination O 


First, it 


F d 
pio” a 
ipulat! ye 
paradigm applied to the manip" d 


duration "ort 
loudness through stimulus Be ae Po 
than amplitude. It is knowr E go 
1963) that short bursts of 1 
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quieter than long bursts of noise up to a 
limit of about 70 to 100 msec. even if they 
lave the same physical amplitude. It is 
also known (Raab, 1962) that a 2-msec. 
Pulse of white noise is responded to more 
Slowly than a 40-msec. pulse, although the 
effect is quite small. Since the effect is so 
Small there have been few, if any, attempts 
to replicate Raab's finding. In this study 
We report an attempt to replicate Raab's 
nding and examine the possibility of ob- 
paning experimental variations of the 

mulus duration-RT effect analogous to 
Variations in the magnitude of the intensity- 

effect, 


EXPERIMENT I 


| In this study amplitude changes were 
Sed as stimuli. 


of the ex- 
Probable” ; The two conditions used were “loud 
eo) able” in which 75% of the stimuli were loud and 
t probable" in which 75% of the stimuli were 
com During the test s ion, 120 RTs were taken, 
pi Prising 30 of the rare stimulus and 90 of the 
aural] le stimulus. Stimuli were presented bin- 
Cren Y through headphones and consisted of in- 
ents in an ongoing background of random noise, 
rising eall levels being 67 db. for the masking pem 
the | to 72 db. for the quiet signal and 86 db. for 
i pud Signal. Levels were measured by coupling 
"eadphone to a sound-level meter. Rise times 
Te effectively instantaneous, but electronic switch- 
any "d the use of noise as the stimulus precluded 
Vas Sudible switching transients. Stimulus duration 
3 50 msec. 
the Sreperiod values of 1, 1.5, and 2 sec. were used, 
Imminence of a stimulus being indicated by a 
ree light of fixed intensity andi durapion. 25 re 
tach periods were presented i ran orn sor er, but 
of the three values occurred on one-third of all 
“asions in each condition and for each intensity, 
give S were presented once every 15 sec. and Ss were 
fesuh a brief rest after 60 trials. No knowledge of 
Ti Mts was given until the end of the entire session. 
Dossit: S were simply told to respond as quickly 2s 
Der. ible, and that they would be told how they had 
3 9rmed at the end of the test. RTs were mea- 
time to the nearest csec. by a system of decatron 
Norms from the stimulus onset to the closure of a 
the pels: Open microswitch. The Ss always used 
tes orefinger of their preferred hand. Prior to the 
ace Session a brief practice session was given to 
Maint Ss with the stimuli which were used. 


R Results. —Fig. 1 and Table 1 show mean 
S averaged over all Ss. 
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Fic. 1. The effect on RT to loud and soft signals 
as the proportion of stimuli is changed. (The 
groups are independent and the points are joined for 
clarity. Dotted lines, first half, full lines, second 


half.) 


An analysis of variance was carried out 
using individual mean RTs. There were 
significant main effects of condition, F 
(1, 22) = 7.85, p < .05; intensity, F (1, 22 
= 54.38, p «.01; and halves of test, 
F (1, 22) = 6.33, p < .05; on RT, and a 
significant Conditions X Intensity inter- 
action, F (1, 22) = 10.44, p < .01. The 
Conditions X Halves of Test interaction 
was not significant, and no higher order 
interactions were significant. This is 
interpreted as follows: In the soft probable 
condition the size of the loudness effect is 
smaller than it is in the loud probable con- 


TABLE 1 


REACTION TIMES TO NEAREST MILLISECOND 
FOR EXPERIMENT I 


RT to loud | RT to soft Difference 
Cond. (Group) 
Ist 3 | 2nd 4} 1st 1| 2nd i | 1st } | 2nd 4 
Loud Probable | 202| 185 |285 | 269 E 
Soft Probable |174| 163 | 216 | 187 i 2 
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1 
(Loud Probable) 


Co 
(Soft Probable) 


EVIDENCE’ OF SIGNAL PRESENT 


Fic. 2. The interpretation of the influe 
loud or soft signal probability on RT 
of the loudness effect. (The vertical 
amount of evidence after time £ that a 
been Presented, where a sig 
£=0. In accordance with 
accumulated faster for loud 
Grand C; represent the amount of evidence re- 
quired to elicit a reaction when the stimulus sequence 
is predominantly loud or soft, spectively, These 
criteria give rise to reaction initiations at times /,, to, 
ta, and ty. Under predominantly loud sequences, the 
intensity effect on RT (ta — t) is greater than it is 
under predominantly quiet sequences (ts — th). 


nee of 
and the size 
axis is the 
signal has 
nal is presented when 
the theory, evidence is 
than for soft signals, 


dition, and, correspondingly, 
smaller in the soft probable co 


Discussion.—This 


mean RT is 
ndition, 


Particular set of results 
is in complete agreement with the general 
findings of Murray (1970) cited earlier. As 
argued most fully by Murray, the most con- 
venient descriptive interpretation is in terms 
of the criterion placement on the evidence 
accumulation functions assumed to underly 
Simple RTT as shown in Fig. 2. A preponder- 
als appears to reduce the 
required to elicit a reaction 


Why a Preponderance of 
influence the c 
0 say, 


nford, 1970). In the pres- 
herefore possibl. 


A. J. SANFORD 


P " T be- 
soft probable case the criterion is lover i 
cause to keep it at a high level koe PUE a 
a large number of unacceptably x ES. 
the soft signal—i.e., a large ees à 
acceptably long RTs to the soft SEE to the 
large number of unacceptably d se of the 
most dominant signal. In the a "ie 
loud probable distribution, no such a signal 
would be necessary since RTs to wc i 
will often be of acceptable duration. ce wie 
real way to test this view would be shat i$ 
whether Ss maintain a fixed’ value at Me 
acceptably slow for RTs. This would ^ Eon 
running the same Ss in the different eS uggest" 
of this experiment, and we are merely s E this 
ing this as a possibility. The main SE 
paper is to show that effects obtainable ui 
intensity manipulation can also be 
through duration manipulation. 


EXPERIMENT II 


neal 
Exp. 
Method.—Thi essentially a repeat of the E ]n- 


paradigm but with two differences in deer in- 
stead of using two intensities of fixed dur ) an 
tensity is fixed at 86 db. (background d E; msec: 
two durations are used : 2 msec. (short) an und, 153 
(long). These combinations of Dackgro d diffef^ 
tensity, and duration gave a reasonably good € 
ence between RTs to long cH (house 
Pilot investigation, Thirt Ss were nie Applic 
Wives from the Medical Research Counét allocate 
Psychology Unit panel), being randomly sere vo 
to three groups of 12. As in Exp. 1, n time)? 
groups, short probable (short 75%, of abe He 
long probable (long 75%), but an ERU a brie 
£roup was also included. Prior to the tes vith the 
Practice session was given to acquaint Ss V 


H a 
h in © 
nd short stimul 


stimuli which would be used, id follow 
In all respects of procedure, the metho! from ^ 
that used in D. I. RTs were measure c 


op" 
stimulus onset 


rally 
to the closure of a norn 
Microswitch to t 


he nearest csee. " 
" "S show" 
Results—Table 2 and a i: previo" 
Pattern of results similar to EN ho 
experiment. A sequence contai 


TABLE 2 


iffere? 
RT tolong | RT to short | P# 4 
i 
Cond. (Group) 3 |n 
Ist 4 | 2nd 4 | 1st 4. | 2nd 4 al 66 
i "Y 
75% long | 213 | 192 | 301 2:5 43 | 26 
50% long | 187 | 180 | 230 E 
25% long | 176 | 171 | 220 


a, 


CRITERION EFFECTS IN SIMPLE RT 


30 
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025 050 075 


PROPORTION OF LONG STIMULI 

Fig ^ " e 
nal 'G. 3. The effect on RT to long and short sig- 
inde, as the proportion of stimuli is changed. (Groups 
Pendent, lines joined for clarity. Dotted lines, 


firs 
est half; full lines, second half.) 


perninantly short (2 msec.) stimuli gives 
er overall RTs than that containing 
Predominantly long (50 msec.) stimuli. 
i, (© Sequence containing equal proportions 
lalfway between the two. An analysis 
Bl, ance carried out on mean RTs 
Et that the effect of conditions was 
dum peant, F (2, 33) = 403, p < .05; 
kr ation had a significant effect, F (1, 33) 
wae 1405, P -01 ; and practice (test half) 
The Significant, F (1, 33) = 18.21, p < .01. 
oes onditions X Duration interaction was 
Snificant, P (2, 33) = 8.15; p < .01, 
Dn is again analogous to the result ob- 
fue in the intensity manipulation ex- 
nig ent. One further effect was sig- 
ant, namely, the halves of the Test 
egi ation interaction, indicating that 
depe ^€ of the stimulus duration—RT effect 
n I on practice, F (2, 33) = 11.92; 


El 


P0 


I GENERAL DISCUSSION 

Raap 

burg JB (1962) finding that duration of a 

Using ^! noise influences RT has been replicated 
C p . (y 
"ly two durations although the effect 
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here is much larger than the effect Raab ob- 
tained, especially in the first part of the experi- 
ment. A possible reason for this is that Raab's 
Ss were very highly practiced (D. H. Raab, 
personal communication, 1971) while ours were 
unpracticed. More significantly, the size of the 
effect"of duration on RT depends upon the 
make-up of the stimulus sequence in a manner 
analogous to the way the intensity-RT effect 
depends upon stimulus sequence, as we have 
demonstrated. In addition, since RT differ- 
ences between loud and soft signals and RT 
differences between long and short signals is 
about the same in the two experiments, it 
would appear as though the effect of proportion 
of loud to soft stimuli and the effect of pro- 
portion of long to short stimuli is of the same 
order of magnitude, at least within the confines 
of the present stimulus values. 

Although a wider range of manipulations of 
the RT-duration effect is desirable, it seems 
reasonable to suppose that there may be a 
common mechanism underlying the results of 
the two experiments performed above. If 
this is the case, and it appears to be, then the 
result carries implications for the nature of the 
stimulus evidence accumulation process. It 
is necessary to postulate that the rate of evi- 
dence accumulation of the models discussed in 
the introduction is a function of stimulus dura- 
lion as well as stimulus amplitude. This is 
made necessary even by finding an effect of 
stimulus duration at al] on RT, and is made 
even more necessary by finding an analogue of 
a criterion effect in the present experiment. 
Such considerations rule out one possible 
specific model of the evidence growth process. 
It would be parsimonious to suppose that the 
integration of energy within the critical dura- 
tion of about 100 msec. represents the period 
during which evidence concerning a signal's 
presence is accumulated (the growth of evi- 
dence)—different intensity signals reaching 
different asymptotic levels after the critical 
duration. Itisconvenient then to suppose that 
it is during this period that the evidence ac- 
cumulated passes the criterion. (Such a model 
has been hinted at by Teichner, 1954, and 
John, 1967b, both of whom cite energy integra- 
tion effects as evidence of the "growth of sen- 
sation.") The present Exp. II indicates 
against this attractive theory, since the theory 
would predict no difference in the rate of evi- 
dence accumulation for stimuli of different 
durations provided they were of the same am- 
plitude. Thus, if the evidence accumulation is 
part of the RT process, evidence accumulation 
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cannot be determined by the energy integra- 
tion process determining the “growth of loud- 
ness." We suggest that detailed models of the 
evidence accumulation process which is at the 
heart of current simple RT models must be 
able to account for stimulus duration effects as 
well as stimulus intensity effects. The presence 
of criterion-like effects in the size of the stimu- 
lus duration effect on RT should also be ex- 
plored in more detail. 


REFERENCES 


Grice, G. R. Stimulus intensity and response 
evocation. Psychological Review, 1968, 75, 359- 
373. 

Grice, G. R., & Hunter, J. J. Stimulus intensity 
effects depend upon the type of experimental 
design. Psychological Review, 1964, 71, 247-256. 

Jonn, I. D. Sequential effects of stimulus char- 
acteristics in a serial reaction-time task. Aus- 
tralian Journal of Psychology, 1967, 19, 35-40, (a) 

Jony, I. D. A statistical decision theory of simple 


reaction-time. Australian Journal of Psychology, 
1967, 19, 27-34. (b) 


A. J. SANFORD 


KELLAS, G., BAUMEISTER, A. A., & WILCOX, S. Ap 
Interactive effects of preparatory intra 
stimulus intensity, and experimental dee k 
reaction-time. Journal of Experimental y 
chology, 1969, 80, 311-316. | 

LABERGE, D. A recruitment theory of simp! 
haviour. Psychometrika, 1962, 27, 375-396. m 

McGiLL, W. J. Stochastic latency mechani 
In R. D. Luce, R. R. Bush, & E. Gallanter (Eds 
Handbook of mathematical psychology. Vol. 1. 
York: Wiley, 1963. ; 

Murray, H. G. Stimulus intensity and rea E 
time: Evaluation of a decision-theory mo 


84, 
Journal of Experimental Psychology, 1970, 8%: 
383-391. 


Port, E. Uber die lautstarke einzelner kur 
Schallimpulse. Acustica, 1963, 13, 212-223. ! 
Raas, D. H. Effect of stimulus duration on E 
tory reaction time. Americam Journal of 
chology, 1962, 75, 298-301. i eac- 
SANFORD, A. J. Rating the speed of a simple f i 
tion. Psychonomic Science, 1970, 21, 333-33 tion 
TeIcuner, W. H. Recent studies of simple dum) f 
time. Psychological Bulletin, 1954, 51, 1287 


le be- 


ction 


zer 


di- 


(Received February 1, 1972) 


Journal of Experimental Psychology 
/ 381 


1972, Vol. 95, No. 2, 375-38 


TRANSFER AS A FUNCTION OF STIMULUS, RESPONSE, AND 
SIMULTANEOUS STIMULUS AND RESPONSE SIMILARITY 


BARBARA S. UEHLING ! BENTON J. UNDERWOOD 


Roger Williams College Northwestern. University 
Three experiments were conducted in which both early and late transfer 
measures were compared as a function of interlist similarity of stimuli, of 
responses, or of both stimuli and responses in two successive paired-associate 


varied in similarity and responses 


to zero when responses varied in s 


remain about zero as similarity of stimuli and respons 
Trials to criterion transfer resulted in no significant effect of similarity. 


Three degrees of similarity were employed within each experiment. 


il 1 transfer was found to increase from negative to positive when stimuli 
re identical, to increase from negative 


nilarity and stimuli were identical, and to 


varied simultaneously. 
How- 


ever, interlist response variation produced inferior performance to that ob- 
tained with stimulus variation or both stimulus and response variation. 
Results were interpreted within a mediation framework. 


he c Purpose of this study was to examine 
interlist EC of simultaneous variation of 
Ene ee stimulus similarity and 
associat response similarity on paired- 
Doses e transfer. For comparative pur- 
im; „Stimulus similarity and response 
were also manipulated 
latter manipulations 


ords in both lists identical, performance 
Snnt" transfer list increases as stimulus 
(e.g. j EA increases from zero to a high level 
Stimul Nasschau . & Pollio, 1967). With 
mance s] Words identical, transfer perfor- 
Merea, also increases as the response terms 
5 ase in similarity (e.g., Postman, 1966). 
Vidence on the simultaneous variation 

va mulus and response similarity for 
in geal units isscanty. Wimer's data (1964) 
bo^ ted that positive transfer occurs when 
Simi| Stimulus and response terms are 
Vag pad but the magnitude of the effect 
inygj mall and the nature of the similarity 
has Aes is difficult to specify. Shea (1969) 
DD some increase in transfer per- 
Donse ceras stimulus similarity and re- 
Since SI similarity increased. , However, 
transfe pea used a single multiple-choice 
r test there was no evidence on the 

1 Requests for rep; 


chling, Roger Wi 
sland 028090 


ints should be sent to Barbara 
ms College, Bristol, Rhode 


transfer effects over trials on the second 
list. Transfer effects as a function of 
similarity may differ appreciably depending 
upon the stage of learning of the transfer 
task at which they are observed, and they 
depend also upon the amount of experience 
S has had with a given paradigm (Post- 
man, 1964). Indeed, such evidence makes 
it difficult to specify a set of laws relating 
similarity and transfer (as in a transfer 
surface) which has any degree of generality. 
Theoretical interpretations (see Discussion 
section) obviously must account for these 
shifting transfer effects. 


METHOD 


General procedure.— Three parallel transfer experi- 
ments were conducted. In all three experiments, 
similarity in terms of degree of synonymity of 
adjectives was manipulated, but the experiments 
differed in which member of the pairs varied in 
similarity. In Exp. SV, stimulus similarity was 
varied while the response terms remained identical; 
in Exp. RV, response similarity was varied with the 
stimulus terms identical; and, in Exp. SV-RV, 
similarity of both stimuli and responses was varied 
simultaneously. 

Three conditions of similarity were investigated 
within each experiment; low (L), medium (M), and 
high (H). Each .S served in all similarity conditions 
within an experiment, but independent groups of 
Ss served for each of the experiments. The experi- 
ments and similarity conditions within each are 
summarized in Table 1. 

Subjects.—A total of 72 Northwestern University 
undergraduate students served as Ss, 24 in each ex- 
periment. All were volunteers from introductory 
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TABLE 1 
EXPERIMENTAL CONDITIONS 
Similarity 
Exp. 
High Medium Low 
SV A-B, A’-B | A-B, A”-B | A-B, C-B 
RV A-B, A -B' | A-B, A —B" | A-B. A-C 
SV-RV| A-B, A'-B' | A-B, A"-B" A-B, C-D 


psychology classes and none had previously served 
in a study requiring paired-associate learning. . 
Materials.—Each list consisted of eight pairs of 
adjectives taken from Haagen (1949). All items 
used were roughly equivalent in familiarity (.5—.8, 
according to Haagen). Items chosen for the H 
conditions were rated between .8 and 1.2 on Haagen's 
similarity of meaningfulness scale; those chosen for 
the M conditions had ratings of 2.3 to 2.7, while the 
L condition was made up of items appearing to be 
unrelated. 
Two sets of transfer lists were prepared for each 
degree of similarity used in Exp. SV and RV. d 
sets were then combined into one set for p. SV-RV. 
Two sets were needed because the simultaneous 
variation of similarity in Exp. SV-RV required one 
set of similar items for stimuli and another for re- 
sponses. Half of the Ss in Exp. SV and RV received 
the Set 1 lists, and half, the Set 2 lists. An illustra- 
tion of the alterations in pair arrangements in the 
various experimental conditions appears useful. 
Two pairs, one from each set, from the H condition 
of Exp. SV were WICKED-UNTAUGHT and TRANQUIL- 
IMMENSE, The corresponding transfer pairs were 
EVIL-UNTAUGHT and PEACEFUL-IMM =. Members 


Within the pairs were simply reversed to form the 
V experiment, Hence, the 


analogous pairs for the R 
first pairs became UNTAUGHT-WICKED and IMM D 
TRANQUIL, while their corresponding transfer pairs 
were UNTAUGHT-EVIL and IMME UL. In 
the SV-RV experiment, the pairs from both sets 
were combined to provide the simultaneous stimulus 
and response variation; thus one transfer list con- 
tained a pair combining the just-cited pairs to form 
TRANQUIL-WICKED, while the corresponding 
pair was PEACE VIL. 

Procedure.—All Ss in all experiments served for 4 
Successive days. The first day was a practice day 

paired associates were learned. 


in which two lists of 
The same two Practice lists were given to all Ss, 
h stimuli and responses 


These 


transfer 


Moderate similarity of bot] 
was used, thus 


corresponding to the M condition of 
Exp. SV-RV. The Ss were assigned to one of the 
three experiments on the ba 


of number of trials 
n the practice list, On each of the 
experimental days, one of the three 
similarity conditions within the assigned experiment 
was presented. Order of similarity presentation 
was counterbalanced across Ss, as was the order of 
two lists within a transfer condition. 

All lists were presented at 
type memory drum with 


required to lear: 
3 remaining 


a 2:2-sec rate on a Hull- 
an intertrial interval of 8 
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"NEC ora 
sec. All lists were learned to a serio of E A 
minimum of 5 trials for the second list. pb ce 
of the pairs were used in all guck Al allows 
the second list within each session alw y 
immediately after learning of the first 


RESULTS a 

. ; o th 

Practice day.—Assignment of eh. 
three experiments resulted in equ 


1 to 
h trials 
groups. The mean number ue pra 
attain the criterion of 8/8 on the 


<4. 16.71) 
tice list was 16.58, oa oy ios Exp: 
om = 1.38; and 16.58, cx = 1. The 


SV, RV, and SV-RV, respectivei re- 
largest difference between bar se lity 0 
sulted in a ¢ of only .05. Varia ol 101 
Scores was also comparable sooo M 
Hartley test for homogeneity of Yel ansfe 
List 1 learning.—Differences in ber. 
among experiments should not be co ualit 
with differences in list difficulty. Ed com 
of list difficulty can be evaluated by : in a 
parison of trials to learn the first he a 
conditions since every list was preser age 
a first list for half of the Ss. The ape 
means among the nine conditions ya age 
12.79 to 15.13. An analysis of varia iste 
these data resulted in an F < 1.00. s 
results can therefore be directly ecd 
Transfer results.—Analyses of trans ef, 
were conducted for both (a) early à Trial 
i.e., number of correct responses pun 
1 of List 2 learning and for (b) later tt 


5 2 ‘+arion for 
1.e., number of trials to criterion 

learning. 
for 


n 


er. 
nsf p) 


is d 
jcte 
These analyses were old Nig 
all three experiments simultat orati 
However, before the analyses og one) 
data from all experiments could neith? 
it was necessary to establish mei y ht 
the source of variance og and F. 
two sets of words used in Exp- ass! 
nor their order of presentation bé 
cant; neither one was fou ge? 
significant. "Siren respo? " 
The mean number a pss all cond! T 
given on Trial 1 of List 2 ws Fig. l: , 48 
is given in the upper pane presented as 
units on the abscissa are Sid ass ne 
equal, although this is ae ae OF fhe 
tion since there are no scale ditions. «al 
materials used in the L ume on Tri os 
analysis of variance a e sour" 
transfer resulted in two significa 
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TRANSFER AS A FUNCTION OF SIMILARITY OF PA ELEMENTS 


FIRST TRIAL 
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SIMILARITY 
Fio, 1, First trial and trials-to-criterion transfer 


as c s a š 
ati, function of similarity in p. SV (stimulus 
+ tation), RV (response variation), and SV-RV 


Sin c eng 
hultaneous stimulus and response variation). 


ang ttiance: similarity, p 2, 132) = 14.26, 
Deri the interaction of similarity with ex- 
“ments, F (4, 132) = 4.84, both p < .01. 
or A most appropriate comparison group 
Gon qaltating similarity effects is the L 
eas ition of SV-RV (A-B, C-D) since 
thi ning-to-learn and warm-up effects for 
oth, Condition should be the same as for the 
imn. but the items are unrelated in 
OSA A Duncan multiple-range test 
Dat, ted in significant differences (p< .05) 
veen the low-similarity conditions of 


Neg 
Performance in the H condition of 

Tean experiment (A-B, A'-B) was also 
her ently greater (p< .05) than for all 

ion one Transfer in the H condi- 
Ess vee 16 RV experiment (A-B, A-B’) was 
*ntially zero since it did not differ sig- 
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nificantly from the A-B, C-D condition. 
However, the H condition of RV did differ 
significantly from the L condition of that 
experiment. Magnitude of similarity effects 
upon early transfer is greater with SV than 
RV, ranging from negative to positive for 
stimulus variation of similarity, while 
ranging from equivalently negative transfer 
to zero transfer for response variation. 

None of the conditions of the SV-RV 
experiment differed from each other, indi- 
cating essentially zero transfer for all 
conditions. 

The mean numbers of trials to attain a 
criterion of 8/8 are shown in Fig. 1. These 
data are quite different from those of Trial 
1. An analysis of variance showed no sig- 
nificant effect of similarity, F (2, 132) 
= 1.08. However, the difference among 
experiments was significant, F 2, 54) 
= 5.64, p < .01. Orthogonal comparisons 
resulted in no significant difference between 
the SV and SV-RV experiments on the 
trials-to-criterion measure. However, a 
comparison between Exp. RV and the other 
two experiments approached conventional 
levels of significance, F (1, 69) = 3.71, 
p < .07. 

In order to examine more closely where 
during List 2 learning, the diminution of 
similarity effects on transfer occurs, trials 
to successive criteria were plotted for all 
conditions. From these figures it was found 
that the relative similarity effects among 
conditions which were displayed on first- 
trial transfer remained until late in second- 
list learning, i.e., acquisition of the sixth 
and seventh items. The difference between 
transfer results for early transfer and trials- 
to-criterion transfer can be accounted for 
by changes occurring late in learning rather 
than during the middle portion. 

Intrusions from List 1 which occurred in 
each third of learning List 2 are shown in 
Table 2. Trials to attain the criterion of 
List 2 learning for each S were divided into 
thirds. In the case of a number of trials 
not divisible by 3 without a remainder, 
division was made differently for the re- 
mainder 1 or 2. If 1, rounding to the 
fewer number of trials, was used as the basis 
for the first and final thirds of learning but 
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TABLE 2 
INTRUSIONS DURING List 2 LEARNING 
Stage of List 2 learning 

Exp, and 

degree of 

Bispttsxity First third. | Middle third | Final third 
SV 

High 2 0 0 

Medium 1 1 0 

Low 0 0 0 
RV 

High 18 10 4 

Medium 5 14 8 

Low 0 0 0 
SV-RV 

High 15 3 2 

Medium 1 1 0 

Low 0 0 


if the remainder was 2, rounding to the 
greater number of trials was used as the 
basis for the first and final thirds of learn- 
ing. As would be expected, few intrusions 
occurred in Exp. SV since an intrusion in 
this paradigm consisted of giving a List 1 
stimulus as a response in List 2. 

The total number of intrusions is greatest 
in the RV experiment with a different 
pattern emerging for H and M conditions, 
however. Intrusion frequency decreases 
as learning progresses in the H con- 
dition, but first increases then decreases in 
the M condition. Intrusions in Exp. SV-RV 


are most comparable to those in Exp. RV, 
at least for the H condition, 


ow D 


N 


MEAN NUMBER CORRECT 


HIGH MEDIUM LOW 


DAY 2 
Fic, 2 


mental day. 


HIGH MEDIUM Low 


DAY 3 


Transfer in the nine experimental conditions as 
(N = 8 for each point.) 
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It is possible that transfer results of E 
present experiment were altered by bea 
a within-Ss design for similarity within oa 
experiment. Postman (1964) has ou 
that early transfer results will change in Y 
A’-B paradigm (SV-H of this expen ae 
as a function of successive practice with tht 
paradigm, amount of positive transfer E. 
creasing as a function of practice. He als 
found that negative transfer will decrease 
in the A-C paradigm (RV-L of this expe 
ment). The transfer gradient in the presen 
SV experiment might then be expected to 
become greater over experimental days E. 
S has more experience with paradigms Ji 
which responses are identical but stimu 
can be described as having some degree i 
similarity. Likewise, the transfer gradient 
when responses were varied could be Me 
pected to become attenuated over dass 
since negative transfer effects with respons 
variation would be expected to decline. s 

The initial practice day in which B. 
learned lists which fitted the M conditio" 
of SV-RV makes the prediction somewht 
less clear. However, transfer gradien 3 
both for early and late measures were P. 
amined as a function of the 3 experimen T 
days. Thus, the data for the eight Ss Vie 
were given the H condition of SV on p. 
first experimental day were compared Wi " 
data for those receiving the SV-M condit 
and the eight receiving the SV-L condit!o 


HIGH MEDIUM LOW 


DAY 4 


a function of experi- 


E E e o — ME 
Oe 


TRA 


on that day. Results were likewise ex- 
amined for the RV and SV-RV experiments 
he remaining 2 experi al h JS BLS 
Eu. cn g 2 experimental days were 
B. Fees for all three experi- 
E Jk Fen results for first-trial transfer 
f ie the ea Fig. 2, in which it can be seen 
Bu. gradient does decline over days 
third da cues for SV is greatest on the 
stent oa he SV-RV data show no con- 
gradient anges from day to day and no clear 
md on any day. Results of the 
hed cae response measure when 
Latio ; m this way did not show any sys- 
less ta and hence are not reported. 
964) sit ap are consistent with Postman 
ari m 1e found that alterations which 
ing AME results due to the increas- 
lence with the same paradigm were 


restri 
ic 
cted to early transfer measures. 


DISCUSSION 


Th 
etiese : 
Present study was concerned with early 


and J, 
ion ate transfer effects of similarity manipula- 
0. 


Io. 
wig iral (A-B, C-B) to high positive transfer 
highly similar stimuli and identical re- 


d 


Mulus variation, Negative 
with increasing response similarity 
transfer was attained in the 
ren Bs A-B’) condition. The relatively 
nha er effect of SV than RV may be somewhat 
Deri Need by the within-Ss design since ex- 
te fee with stimulus variation has some 
While CY to increase the slope of the gradient, 
to experience with response variation seems 
Jd the effect of decreasing the gradient 


1t ; 

dS an i, ty Why Where 
anon tt i ! | li 
th ges teresting question as to why ese 


ay Ss Win experience occur. 1t would ane 
1 Whice] Increasing experience alter the 
S è 1 they employ mediating associa- 
any parasitic effects of generaliza- 
à Ce nor Similarity would be automatic 
“bs Ss >t readily modifiable by experience. 

in the RV paradigm simply aban- 


d heed 
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don the use of mediating similarity effects in 
learning List 2 as a function of increasing prac- 
tice with the paradigm. To provide further 
information on this possibility, intrusions for 
the RV experiment were examined for each 
similarity condition as a function of successive 
experimental days. Although only eight Ss 
were represented at each point, it is interesting 
to note that for the first experimental day, in- 
trusions were 14, 6, and 0 for the H, M, and L 
conditions, respectively. For the second ex- 
perimental day, the corresponding numbers 
were 13, 1 and 0, while for the third experi- 
mental day the H similarity condition resulted 
in 5 intrusions; the M condition, 20; and the 
L, 0. Rather than simply abandoning simi- 
larity as a mediating device, it would appear 
that Ss are influenced in their recognition of 
similarity relationships by their prior experi- 
ences with the paradigm. If they have not 
had the H similarity condition until the last 
experimental day, they apparently use simi- 
larity less since only 5 intrusions occurred for 
those Ss with this experience. However, if the 
H condition is given either on the first or 
second experimental day and the M condition 
on the final experimental day, Ss appear to 
attempt to use a similarity relationship since 
20 intrusions occur for Ss with this experience. 
Simultaneous stimulus and response varia- 
tion transfer does not appear to be a joint 
function of independent stimulus and response 
manipulation, since nearly zero transfer re- 
sults occur in all SV-RV conditions. These 
findings are not in accordance with Wimer 
(1964) or Shea (1969), who found some positive 
transfer with increasing similarity of both 
stimuli and responses. Early transfer in the 
SV-RV paradigm of the present experiment 
appears to more nearly resemble response varia- 
tion of similarity than stimulus variation. 
Late transfer results indicate no effect of 
similarity manipulations in any of the three 
experiments, but do indicate negative transfer 
for all conditions of Exp. RV. Thus, in late 
transfer measures, simultaneous stimulus and 
response variation more nearly resemble SV. 
results with essentially zero transfer produced 


I all conditions. 


A RM JC miter wt e 


interpretation of transfer. Ih the 


mediation 
arly transfer should be posi- 


SV experiment, € 
tive in the H condition and to a lesser extent 


in the M condition, in which chaining from A’ 
to A to B or A" to A to B would occur. These 
were the results and, as further support, two 


^» 


intrusions did occur in which A’ elicited A 
early in List 2 learning. p 

However, according to the mediation in- 
terpretation, as List 2 learning progresses and 
A and A’ become about equal in strength trans- 
fer should decrease. Since the mediated chain 
always results in B as a response to either A’ or 
A or A” or A, interference might not be de- 
tected if enough time is permitted S to re- 
spond. However, latency measures might 
reflect a competition between A and A' (A 
and A”) or the failure to discriminate between 
mediator and mediated, as Postman (1964) has 
described this competition. Relatively less 
assistance from an A’-A chain should occur as 
List 2 learning progresses for those associa- 
tions which are weak at the beginning of List 2. 
The present data indicate a decline in positi: e 
effects during List 2 learning so that no sig- 
nificant difference is detectable in the total 
transfer measure. 

In the A-B, C.B condition, mediated posi- 
tive transfer effects would not be expected, nor 
are they present. Instead, negative transfer 
would be expected to result, since after learning 
the association A-B the chain C-A.B might be 
needed in order to meet the requirement of 
learning C-B. Interference would also be 
present to the extent that backward learning 
of A-B has occurred and is no longer appro- 
priate. Whether S is learning C-A-B or ex- 
tinguishing B-A or both, as List 2 learning 
Progresses and C becomes relatively stronger 
than A, negative transfer should decrease. 
Results of the Present study are consistent 
with this expectation. 

A mediation interpretation of response 
similarity variation in transfer would imply 
that A-B’ or A-B” following learning of A-B 
will be via the chain A-B-B' or A-B-B”, This 
chaining will be facilitated initially to the 
extent that B is associated with B’ and B^ 
by preexperimental associations and to the 
extent that strong A-B learning has been built 
in. The present data are consistent with this 
interpretation, During subsequent List 2 
learning, however, as B and B’ 
in strength and hence 
transfer and 
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become equal 
competitive, less positive 
perhaps negative transfer would 
be expected, This effect is reflected in the 
total transfer measure. Intrusion data also 
support this interpretation since the greatest 
number of occurred in the A-B’ 
condition and most of these were early in 
learning. That the number of intrusions was 
greater for the middle third of learning than 
the initial third for the A-B^ condition sug- 


intrusions 
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] g 
gests that B and B” become equal m po. 
later in learning than B and B’, in whic pre- 
learning process is accelerated by greater | 
experimental similarity effects. . ative 

The A-C condition should result in ned M: 
transfer throughout learning since there ast 
initial positive effects of mediated sum inter- 
and the chaining A-B-C would prodie i this 
ference. Again results are in line wit 
interpretation. : he 
endis the mediation hypothesis i p. 
simultaneous variation of stimulus S don 

sponse would suggest that for the H uM B-B’. 
the chaining mechanism would be A'-A E Gil 
Although the chain is somewhat lenge: ist 
hence latencies might be longer carly in wen c 
learning, the effect should be to produce à r for 
positive transfer early in transfer, at leas true 
strong A-B associations. This would be ngth 
because of the combination of positive stre lus 
from A’-A-B, which would occur with stemi i 
variation, and A-B-B’, which would occur a k 
response variation. It is possible that bi o 
A-B associations would lead to interferens? g 
an S who is forced to respond in a short be th 
of time. As learning progresses, failure Q: th 
distinction between A and A’ as well aeti- 
increase in strength of B’, and hence Coreg’ 
tive strength with B, should lead to a redu both 
in transfer. Moderate similarity of ed t? 
stimuli and responses would be expect tet 
produce less positive transfer because med simi 
effects would be less than for the high- dat? 
larity condition. Although the present orm 
are not inconsistent with this interpret? e 
the relative effects appear to be very "n be 
Latency measures for responding mig? 


xum IDEE comp! 
more sensitive to such facilitation and C 
tition effects, 


Since both stimuli 
in the SV-RV H and i 
thought that S simply ignores the ATE 
relationship and proceeds to learn podes the 
though it is an A-B, C-D list. Howe e in 
intrusion data would argue pN many 
terpretation since there are nearly = ás the 
intrusions in the SV-RV H conditior haini”? 
RV-H condition, suggesting that the er i E 
mechanism is operating but that oe inter ve 
effect of learning a new response B tacilitati"r 
ing, and is not offset by the A'-A-B is apP? oa 
This is consistent with the Rd in ear 
similarity of the SV-RV results to S apa b 
transfer, and to an interprete Ho jermi ia 
sponse variation is more critical in d respon? 
early transfer when both stimuli at 


en 
are differe 

and responses are wr id 

M conditions, it © ilari d 

a 


a 


are mani 
nipulated in similari is sti 
EE similarity than is s 
Variation. ilarity than is stimulus 
Using "o" 
Which niam, the gradient of transfer 
E Should be obtained for SV should be 


Steepe 

T " . 

with Cem for RV in early transfer, at least 

Carnin aningful materials where response 
§ is minimized (Jung, 1963). In the 


A-B, A^] 


eur wi paradigm positive transfer should 


nat chain A '-A-B, while in the A-B, 
With the chain i transfer should occur 
ie MM -A-B required by the learning 
» conditions range from high posi- 
Wi Ster to negative. 
Cver, ise variation of similarity, how- 
slig} pais ci similarity should yield only 
the dig Me transfer with the chain A-B-B’, 
Carni Ssimilar condition A-C will require 


ng the i ~ 
Uice herne chain A-B-C and hence will pro- 


25s motive transfer. 
ater trane oe ; : 
, ated assoc} transfer, positive effects of medi- 
Should d ciation for both A'-A-B and A-B-B’ 
about ar items become 


Aor rena in strength. However, since either 

E s foe uce the coerrect reponse, inter- 
A Competit; d not result. With B and B 
Corre, Petition, however, where only one 1s 
; Interference should result. Thus as 


irr 
ed ; 5 BRE 
" in this experiment, early positive 


2 "ner, P MPPEdr and only in j ects 
Items È responses should remain, until List 
= ado: ecome relatively stronger. That Ss 
tive eff Pt a strategy which utilizes these post- 
Co tin €cts but decreases negative effects with 
by cd exposure to the paradigm was found 
ten, Lan (1964) and is suggested to some 

by the present data. Practice with a 


"TRANSFER AS A FUNCTION OF SIMILARITY OF PÀ ELEMENTS 


381 


paradigm manipulating both stimulus and 
response similarity might, according to the 
mediation interpretation, result in increasing 
positive transfer since S might be able to use 
stimulus similarity relationships which should 
increase transfer with practice and lessen the 
negative transfer effects of response dis- 
similarity. 
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FACILITATION OF HUMAN OPERANT RESPONDING 


BY à 


STIMULI WHICH PRECEDE AVERSIVE EVENTS? 


RODNEY A. POETTER axp PAUL LEWIS? 


Ohio University l 


The effects of stimuli preceding timeout, response cost, 


on the operant response rate of hum 
rates during 


the aversive 


, and point-loss periods 


an Ss were investigated. The Ss’ response 
a stimulus light preceding the onset of the aversive event, du 
event, and immediately following termination of the ave 
event were compared with Ss’ base-line response rates. 
that (a) response-rate acceleration is ch 


g 
ive 
"The results indicate 
aracteristic of Ss’ response patterns 


during the preaversive stimulus for all three experimental conditions, (b) the 


response-acceleration effect can be d 


aversive stimulus acceleration. 


The term “response cost" refers to the 
cost to an organism of making a response. 
More specifically, response cost is the 
removal, contingent upon a response, of a 
positive reinforcer that is concurrently, or 
previously was, being employed to main- 
tain that behavior. Thus when response 
Cost is applied to a response, that response 
is maintained and reinforced by the pre- 
Sentation of a Positive reinforcer and 
concurrently "punished" or followed 


response-contingent withdrawal 
Same reinforcer, 


Timeout, as well as response cost, 
volves a loss to 


by 
of that 


in- 
the organism; however, 
instead of the removal of positive rein- 
forcement already received by S, timeout 
represents the loss of the Opportunity to 
earn further reinforcement. More specifi- 
cally, timeout is defined as “a period of 
nonreinforcement arranged by extinction 
in the presence of a particular stimulus or 
by removal of an Opportunity to re- 
spond . [Catania, 1968, p. 348].” 

An aversive stimulus may be defined as 
having two general characteristics: (a) 
Ss Fees 


Presents partial fulfillment of 
or the MS degree, and was conducted 
author under the direction of the second 
Thanks are due to Leonard W. Ferguson 

tance with the manuscript preparation. 
* Requests for reprints Should be sent to Paul 
Lewis, Department of Psychology, Porter Hall, 
Ohio University, Athens, Ohio 45701. 


1 This research re 
requirements f. 
by the first 
author. 
for his a 


emonstrated to schedules of reinforcement 
with very short intervals between reinforcement delivery — 


of responding, (c) increased reinforcement density is not 
for the occurrence of the facilitation effect, (d) nonconti 
ineffective in suppressing response rate, and (e) there is 


ce, rapid ra 
an sary condition 
ingent punishment is 
no evidence of post- 


an 
when made contingent upon a sapo o! 
aversive stimulus reduces the freque the 
probability of that response, and ersiv? 
termination or avoidance of an eu the 
stimulus results in an increase in 


ps cape 
frequency or probability of the es ST ulus 


avoidance response in a similar E. oth | 
Situation. Given the above criterios An 
response cost and timeout meet the 

tion of an aversive stimulus. & 


e 
Several studies (Baron, Kaufmee p, | 
Stauber, 1969; Weiner, 1962, 1964a, effect? 
1967, 1969a) have investigated the main 
of response cost on performances force — 
tained by various schedules of rein n^ 
ment and extinction, and the result^ re 
sistently have shown suppression ^ em 
sponding. For example, Weiner (19 ui of 
ployed a variable-interval (VI) a orc 
reinforcement, which delivers e after 
ment contingent on the pee o tain | 
varying periods of elapsed heit. e 
a stable response rate; then, he $ RE on | 
cost condition, whereby 1 point h p 
tracted for each response, althous 
as reinforcers were delivered p^ main” od 
(100 points per reinforcement) | supp m 
responding. Response rate 1969) den d 
markedly. Weiner (1963, «dance re$ ° die 
strated both escape and ciu period 2* ing 
ing by employing a fontta time d" 
aversive event, i.e., a perio 
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whi A 
Eos pointe were subtracted unless the 
E. response was emitted. 
effective] Y timeout has been shown to 
Orce mes punish responding and to rein- 
(Adelman & and avoidance responding 
Ferster, “ee 1956; Baer, 1962; 
963. Ka ind Holz, Azrin, & Ayllon, 
1957. M ufman & Baron, 1968; McMillan, 
1966: Wink, & Herrnstein, 1956; Nigro, 
applied .Qughby, 1969) ; thus, when Baer 
Nursery sc} Sponse-contingent timeout to 
ülm E age children by interrupting 
Sucking o ns whenever undesirable thumb- 
of Dicis E a a significant suppression 
Morse een king behavior resulted. And 
that Dies Herrnstein have demonstrated 
removal eos learn to peck one key to avoid 
Schedule e a stimulus correlated with a 
la sec of positive reinforcement (food) 
e ond key. 
vanced he Skinner (1941) originally ad- 
Called d 1e procedure now commonly 
(CER 1e conditioned emotional-response 
Stable 4 paradigm. In the procedure, a 
by S6; ?"ase-line response rate is maintained 
then ne schedule of positive reinforcement ; 
( ) a signal, or conditioned stimulus 
n Acta Presented fora predetermined time 
LET followed by unavoidable shock. 
pon ei pairings of CS and shock, the 
the CS. a decrease in response rate during 
un one generalize from this finding 
inrer E shock and state that response 
c ing a occurs during a stimulus pre- 
1 ne other aversive events? The answer 
SPonge When timeout 1s employed, re- 
urine acceleration is generally observed 
95 8 the pretimeout stimulus (Ferster, 
i Leitenberg, 1966; T renholme, Baron, 
; *aufman, 1969), which is directly oppo- 
dm the results obtained with shock. 
ad Bolme et al. (1969) employed college 
; Cents, with money serving as the posi- 
fa ponents After several m 
GE, sessions with a e is an 
te ule of reinforcement, ab Re ig) was 
in Sented for 30 sec. followed by a 5-min. 
th leout period. Data were presented in 
€ form of a ratio, i.e) number of responses 
Uring the CS/number of responses during 
an equal time period immediately preced- 
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ing onset of the CS. The investigators 
reported a significant response acceleration, 
i.e., ratio greater than one, during the blue 
light. 

The present experiment compares the 
rate of responding during a CS with the 
se-line rate when the CS is followed by 


ba 
timeout, response cost, or a point-loss 
period. 
METHOD 
Subjects 


Fifteen female college students, enrolled in an 
introductory psychology course, served as Ss. The 
Ss were randoml igned to one of the three experi- 
mental conditions: (a) timeout (TO), (b) response 
cost (RC), and (c) unavoidable point loss (UPL). 


Apparatus 


A 15 X 20 in. vertical panel was mounted on à 
S's experimental room. Mounted on this 
constructed from varnished 
plywood covered and reinforced with clear Plexi- 
glas, were the following : (a) one response manipul- 
landum (Gerbrands rat lever), (5) two evenly spaced 
4-digit Sodeco counters located 9 in. from the bottom 
of the panel, one labeled "points gained" and the 
other "points lost," and (c) three evenly spaced 
lights located 2 in. from the top of the display, the 
left blue, the middle white, and the right yellow. A 
fan was employed to mask extraneous noise. 

Standard electromechanical programming equip- 
ment located in an adjacent room delivered rein- 
forcement (points) according to a VI sc.edule of 
reinforcement. Light onset and other stimulus 
conditions were controlled manually by E. Digital 
counters recorded stimulus and response events, 
and a Gerbrands cumulative recorder displayed S's 
rates and patterns of responding. 


table in 
operant panel, which wz 


Procedure 


Instructions.—For each of the 15 Ss the instruc- 
tions contained the following information: (a) the 
session would begin when the white light came on 
and would end 50 min. later, (b) the task was to 
earn as many points as S could by pressing the bar, 

c 5 " rf 
and (c) for every 50 points earned, S would receive 
a new "Snoopy cartoon," ie. a recent Peanuts 
comic strip which Ss received upon completion of 
each experimental ion. 

Prior to Sessions 5-10 a `i W 
NC aS for each S in the TO group, 

E ence "when the yellow light is i 
not gain points" was included t i ci fects dien ni 
BS o facilitate discrimi- 
ne and timeout periods (al- 


nation between b; 
though Ss po not instructed to not respond durin 

ri rior to all sessions for each S in the RC 
E - groups, E instructed S that “the number 


of points yi = vi 
points you earn will be determined by the num- 
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ber of points on the “points-gained” counter minus 
the number of points on the "'points-lost" counter. 

Sessions 1 and 2.—Pilot work demonstrated that 
human Ss emit a stable response rate on aVI schedule 
of positive reinforcement in very few sessions, and 
they maintain responding for entire 50-min. sessions 
with points as reinforcers; hence, 
sufficient to allow for the establis! 
stable base line and ad. 
situation. 


During all sessions, 


two sessions were 
hment of a fairly 
aptation to the novel stimulus 


a VI 10-sec. schedule of rein- 
forcement delivered 1 point on the “points-gained 
counter for each reinforcement; i.e., points were 
delivered contingent upon the first response follow- 
ing varying time intervals, the average of which was 
10sec. A fifty-interval VI tape was generated, with 
the duration of intervals employed ranging ran- 
domly from 1 sec. to 49 sec. (Fleschler & Hoffman, 
1962). ] 

Sessions 3 and 4.—The blue light (which served 
as the preaversive stimulus for all groups, was 
presented five times per session at random interv; 
with the stipulation that at least 4 min. el 
tween consecutive blue-light presentations 
for stabilization of response rate. 
termination of the blue light, the 
presented. Duration of both lig! 
Timeout, response cost, and un 
periods were not pre 
for these sessions wi 


als, 
apse be- 
to allow 
Immediately after 
yellow light was 
hts was 30 sec. 
avoidable point-loss 
sented during Sessions 3 and 4, 
ere necessary to eliminate any 
possible explanation of the mere presentation of the 
stimulus lights alone as the determining factor in a 
change of response rate, 

Sessions 5-10.—The general procedure employed 
during Sessions 5-10 was the same as that during 
Sessions 3 and 4; however, during the yellow light 
the aversive event was presented. For the TO 
group, this consisted of a 30-sec. period of time 
during which response: 


5 were not followed by rein- 
forcement, The responses of Ss in the RC group 
were reinforced concurrently according to the VI 
10-se 


C. schedule of reinforce 
-l-point cost, or loss, registered on the ‘ 
counter in tenths of a point following each response 
during the yellow light. During the yellow light 
for Ss in the UPL group, responses continued to be 
reinforced according to the VI schedule of reinforce- 
ment. Concurrently, points accumulated on the 
“points-lost”” counter at the rate of .1 point/sec, 


1e., a total loss of 3 points during each presentation 
of the yellow light. 


ment and punished by 


‘points-lost’’ 


Response Measures 


Four response measures were obtained: (a) A— 
the number of responses during the 30-sec, period 
immediately Preceding onset of the preaversive 
stimulus (blue light), ie, base-line response rate, 
(6) B—the number of responses during the 30-sec. 
presentation of the preaversive stimulus, (c) C— 
the number of responses during the 30-sec. present 
tion of the aversive event, and (d) D 
of responses during the 30- 
following termination of th: 


Three ratios we 


a- 
—the number 
sec. period immediately 
€ aversive event, 

re formed from the raw data: 
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^ atio. 
(a) B/A, (b) C/A, and (c) D/A. The Bit DM 
which is of primary interest, indicates the e ELS 
the preaversive stimulus on the ongoing n 1 
base-line response rate. A ratio greater i Pio 
indicates response acceleration; equal to uM 
effect; and less than 1.0, conditioned suppre siia 
The relative rate of responding during the ave 
condition is reflected in the C/A ratio. The ms 
ratio indicates how the delivery of the av 
stimulus affected the b. 
mediately 
event. 


ate im- 
ase-line response Wi. 
following termination of that a 


RESULTS 


t eee T : hree- 
Statistical analysis consisted of a ad d 
factor mixed design, with the number 9 


Base-Line Training: Session 1 and 2 


(o wae 

A reasonably stable response rate ert 
characteristic of all Ss' response pan re 
by the end of Session 2. Numbe was 
sponses emitted per 50-min. pw a 
fairly consistent within Ss, but low 


; a 
greatly between Ss—ranging i 
of 369 to a high of 14,990 respons 


- es nd 4 
Light-Alone Condition: Session 3 4 


ed m m 
Appropriate tests (/) for oed M. 
sures (Bruning & Kintz, 1968) the nw? w 
significant difference en nt, yel ad 
of responses during the blue- ditions aal 
light, or post-yellow-light luring an © TE 
the number of responses epe the b 
time period preceding onset 


diff, 
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ligh "hi 1 

AMA This analysis indicates that the 

em Eo of the stimulus lights alone 
affect significantly the base-li 

response rate, dum 


E 
fects of the Preaversive Stimulus 


All 1 


5 Bel ani ; / 
ratio | Ss showed an increase in the B/A 


a 
me a can be seen in Fig. 1. Post 
effect iow of this significant sessions 
» F (3, 36) = 6.30, p < .01, reveals 
experimental effect occurred 
and did not change significantly 
US tha Sessions 5 and 6 and 9 and 10; 
s Ws B/A ratio for Sessions 5 and 
uring See greater than the ratio 
ie si Ssions 3 and 4, but does not 
Blocks prniceatly from that in Session 
New and 8 or 9 and 10 (see Fig. 1). 
Sign: Van-Keuls post hoc analysis of the 


!'gni ales 
F (6 eh Group X Session interaction, 
this y, 6) = 2.92, p < .025, revealed that 


Up, 8S due to the extreme elevation of the 
"ig. p oup during Sessions 7 and 8 (see 
signos e*t the criticism that the statistical 

is EE. achieved in the previous anal- 
l'àtiog ay be due only to spuriously high 
Ment a minority of the trials, the de- 
uml variable was changed to the 
a p€ of trials per two-session block with 


eee ratio greater than 1.0. A two- 
1968) mixed design (Bruning & Kintz, 
B (3 revealed a significant sessions effect, 
1 36)-5.79, p < .005. 
L 
ao TO —— AN, 
S 1 RC: — o 
5 +30 UPL: o 
EET) 
& 
N 
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b Fig. 1, Mean facilitation ratios B/A (B = num- 
SE. or responses during preaversive stimulus, 


à = number of responses during 30 sec. preceding 
ti faversive stimulus) sa function of sessions when 
he aversive event is timeout (TO), response cost 


(Re) and unavoidable point loss (UPL). 
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FiG.2. Mean suppression ratios C, JA (C = num- 
ber of responses during aversive event, A = number 
of responses during 30 sec. preceding pr i 
stimulus) as a function of sessions when the aversive 


event is timeout (TO), response cost (RC), and 
unavoidable point loss (UPL). 


eaversive 


Effects of the Aversive Stimulus 


Figure 2 depicts the mean C/A ratios 
across sessions for the three experimental 
groups. Inspection of Fig. 2 reveals rapid 
and sustained suppression of responding of 
Ss during response-cost or timeout periods 
and little effect due to the presentation of 
noncontingent point loss. The reliability 
of these observations is indicated by the 
significant group effect, F (2, 12) = 16.08, 
p < .001, session effect, F (3, 36) = 34.79, 


p <.001, and Group X Session effect, 
F (6, 36) = 6.14, p < .005. 

Effects of the Postaversive Stimulus 
Condition 


No significant difference was noted be- 
tween Ss’ response rates during the base- 
line period and those immediately following 
termination of the aversive stimulus. 


DISCUSSION 


Previous research has demonstrated response 
facilitation in the presence of a pretimeout 
stimulus using animal Ss (Ferster 1958; 

r , 58; 
Leitenberg, 1966) and human .Ss (Trenholme 
et al., 1969). i The present experiment repli- 
cates this finding and confirms the extensi. on 
of this relationship to human Ss ý Í 
ws addition; this investigation provides evi- 
ieee et ee the facilitation effect 

S ull preceding onset of : 

; M ng response cost 

dp point-loss periods. Even 
1 all aversive ey i punish 

meri EU ev ents were not punishing 

Y speaking), all did produce the 
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facilitation effect, making facilitation a phe- 
nomenon of surprising generality. 

Several theoretical explanations may be 
advanced to account for this effect. Tren- 
holme et al. (1969) have applied frustration 
theory to account for a similar result. Their 
explanation is that frustration, determined by 
the encounter with a period of nonreinforce- 
ment following a period of positive reinforce- 
ment, becomes conditioned to the signal pre- 
ceding timeout. This energizes concurrent 
operant behavior; hence, results in accelera- 
tion of responding. If one adopts this position, 
he predicts response acceleration immediately 
following the “frustrating” event, which (in 
the present investigation) is revealed in a 
D/A ratio greater than 1. This latter effect 
was found not to be significant in the present 
investigation. 

An alternative explanation successfully ac- 
counts for the acceleration effect during the 
preaversive stimulus, and is consistent with 
the fact that all three groups facilitated 
equally. Pliskoff (1961, 1963)—by employing 
a multiple VI, VI schedule of positive re- 
inforcement—studied the effect 
rate of shifts from one VI Schedule 
ment to another VI schedule. 
cedure, Ss were ex 


about 


on response 
of reinforce- 
In this pro- 
posed to a VI schedule; 
then, following a signal, switched to a VI 
schedule with à different time interval. Pliskoff 
(1961) reported that 


a) a VI schedule of reinforcement w; 
à decreased response rate in a short, discrimi- 
nated interval before a shift to a higher-fre- 
quency-of-reinforcement VI schedule, and b) 
a VI schedule of reinforcement will generate an 
increased response rate in a short, discriminated 
interval before a shift to à lower-frequency-of- 
reinforcement VI schedule Cp. 385]. 


This finding is applicable 
tained result of response 
signal preceding timeout 
point-loss periods. 


ill generate 


directly to the ob- 
acceleration during a 
; response cost, and 
When timeout is employed, 
S proceeds from a higher to lower (zero) fre- 
quency-of-reinforcement schedule. 
is true of response cost 
for (during the 
of reinforcement 
point loss) is 
period, 


The nonsignificant group effect is under- 
standable because the overall net loss of points 
per trial for the three groups was the same. 
On the average, three point deliveries were 
scheduled during each aversive st 
sentation; therefore, for the 
loss was 3 points per trial 


The same 
and unavoidable loss, 
Cost periods) the “net gain” 
(positive reinforcement minus 


less than during the no-cost 


imulus pre- 
TO group the net 
» or 15 points per 


RODNEY A. POETTER AND PAUL LEWIS 


d 
session. Net loss for the RC group rese 
that for the TO group because all but we. 
stopped responding during the ux reir 15 
stimulus. Although earning on the av ier. 
points per session during the aversive su onion 
Ss in the UPL group lost 15 points per oa 1 
(3-point loss per trial), for a net pen subi 
points per session. Because all Ss b^ joints 
jected to similar relative net losses s r the 
during each session, one would expect, onl 
basis of Pliskoff's (1961, 1963), data s! 

cceleration ratios. S 
"Tie fact that Selle the TO gud RC E 
suppressed response rate during the Fig. 
light and the UPL group did not (see t con 
reveals the importance of the pine pot 
tingency: when point loss is contingen te de- 
an operant response, that response rà gent 
creases; when point loss is nonconting 
there is no noticeable effect. : B/A 
Analysis of the trials manifesting ten 
ratio greater than 1.0 was conducted to vidua 
the overall grouped data analysis to ina a 
trials within sessions. Although this anas., | 
replicated the significant sessi rial 
spection of the data revealed the var Whi 
between Ss and within individual Ss. B 
12 of the 15 Ss demonstrated an ird i 
number of trials with B/A greater tha and 
between Sessions 3 and 4 and Ses pe d 
10, inspection of individual .Ss revea pu 
siderable fluctuation from session to „ratio! 
and the fact that only 2 Ss showed accele phe 
on all 10 trials during Sessions 9 and 10, viot 
E who is interested in predicting the bea of 
of individuals must consider the prob eneral 
generalizing significant results from à A : 
effect to the individual se sion —fina Y' ne 
single trials. The degree of confideno^ ne 
can place in his predictions decrease A 
proceeds from general to specific erent a A 
In the Trenholme et al. (1969) 5 3 DES 
were initially trained to respond D pressi"s 
schedule; that is, initially a hs uU 
response was reinforced only if P pt TEM 
previous response by more than 20 sche E 
Ss were placed on a VI cate ET n re 
except that no response was enn "lie last nd 
at least 5 sec. had elapsed since chedu e Men 
sponse. Both the initial DEL S ed t 
the 5-sec. contingency were design 
response rates. When a 30-sec. à 
lowed by a 5-min. timeout perio 'cs. 
g the 
responding occurred during . line 
authors noted that—on the age in 
the increased response rates led 


use 
cree 
n 
que 

reinforcement rates. 


s the 
The present experiment extends 


| 


FACILITATION OF HUMAN OPERANT RESPONDING 


holme et al. (1969) study in several ways. 
For example, increased reinforcement during 
the CS is not necessary for facilitation to 
occur because Ss could not—in the present 
experiment—increase their reinforcement rates 
during the CS. 

In addition, response facilitation occurred 
during the preaversive stimulus in the present 
experiment in spite of the relatively high 
base-line rates on the VI 10-sec. schedule. 
.evious investigators have employed rela- 
tively long intervals between reinforcement 
deliveries, eg. VI 7 min. (Herrnstein, 1955, 
Joebereter, 1958, p. 3), VI 3 min. (Ferster, 

58), VI 2.33 min. (Leitenberg, 1966), 
and VI 1.33 min. (Trenholme et al., 1969). 
Response patterns of Ss exposed to a 
Schedule of reinforcement with long mean in- 
tervals between reinforcers tend to show 
Moderate-to-low rates of responding. In this 
€xperiment all Ss demonstrated moderate-to- 
high response rates, and the CS still enhanced 
the base-line rate in spite of the increased 
ikelihood of interference due to ceiling effects. 
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ACQUISITION AND FORGETTING OF 


HIERARCHICALLY 


ORGANIZED INFORMATION IN LONG-TERM MEMORY ! 


THOMAS O. NELSON? 


University of Washington 


Sixty university undergraduates learned 3 
between letters, and 3 wk. later had a retention test 


EDWARD E. SMITH 


Stanford University 


a simple hierarchy of connections 
and subsequent relearning. 


The findings were: (a) Both acquisition and retention were better when the 


hierarchy was learned graphically (i.e. a 
hierarchy) rather than as a list of associations, although the effect W 


on acquisition than on retention. 


» a visual presentation of the entire 


as greater 


(b) Neither acquisition nor retention was 
affected by whether the ordering of connecti 


ions in the hierarchy changed 


or remained the same across learning trials, suggesting that the internal 


Tepresentation of the hierarchy is not 
of the physically presented hierarchy. 
pattern of retention-test errors suggested the 
disintegrates during forgetting from long-term r 


Both cognitive psychologists (e.g. , Bower, 
970) and traditional interference theorists 
(e.g., Postman, 1971) have stressed the 
importance of organizational factors during 
learning. Perhaps due to the analyses of 
Syntax (e.g., Chomsky, 1957) and semantics 
(e.g., Collins & Quillian, 1969), one obvious 
kind of organization that has aroused the 
interest of experimental Psychologists is 


hierarchical Organization. Three major 
studies (Bower, Clark, Lesgold, & Winzenz, 
1969; C 


rothers, 1969; Wortman & Green- 
berg, 1971) have examined so; 
hierarchical Organization on 
none of these studies has actually examined 
the acquisition of unknown hierarchical 
information which is presented in a graphi- 
cal hierarchy at the time of study, 
Crothers (1969) investigated various ways 
that a learner could acquire associations 
from a hierarchy of nonmeaningful CVCs, 
His method consisted i 
vidual associations from 
rather than Presenting 
SS el ipa 


me effects of 
learning, but 


* This study was begun while the first author was 
a National Science Foundation Postdoctoral Fellow 
at Stanford University, 1970-1971, and Was sup- 
ported, in part, i s Public Health 
author (MH-19705) 
We thank Thomas 
collecting data, and 
- MacLeod for their 


second 
and first author (MH-21037), 


Moran for his throughness in c 

n E. Haviland and Colin M 
stance in analyzing the data. 
* Requests for reprints should be 
O. Nelson, Department of Psy 
of W shington, Seattle, W; 


sent to Thomas 
chology, University 
ashington 98195, 


an isomorphic “photographic” image 


(c) Relearning performance and the 
manner in which a hierarchy 
memory. 


at once. Consequently, S may never have 
even noticed the hierarchical properties E 
the to-be-learned information; if the ne. 
archical organization became apparent a 
all, it was only indirectly (via induction 
as the course of learning progressed. she 
Wortman and Greenberg (1971) had t 5 
learner acquire a set of meaningful i. 
with hierarchical properties, but they B 
used a procedure where S could not E 
sarily make direct use of the hierarchic 
organization (i.e., the entire hierarchy W° 
not presented all at once). 69) 
Only the study by Bower et al. (19 e: 
employed the Simultaneous mode of Pd 
sentation, displaying all of the items at "n 
same time in a graphical hierarchy. s 
ever, the items in the Bower et al, hierarc? 
Were common words which comprised ane 
priori hierarchy. That is, words 1n a 
order such as MINERAL, STONE, MAGO E 
LIMESTONE come from a natural hierarc p | 
Organization which the learner er. 
in advance of the experimental seizing 
therefore the task is more one of ME 
an already known set of hierar na 
organized items rather than one v is. 
acquiring a new set of hierarchically 
ized items, archi 
In summarizing the above resea gtudY 
becomes obvious that the only vad illa 
(Bower et al., 1969) which M ete tor 
entire hierarchy at once also utiz pat 
be-learned hierarchical information 
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| Was already known by the learner in ad- advance, it was possible to determine 
6 Et. the only study (Crothers, 1969) whether or not learning is affected by a 
E eheu (Hed unknown to-be-learned hierarchical representation perse. — 
the Sire ecto D did a display Second, and Perhaps even more impor- 
En archy a once. lus, one tant (cf. Wortman & Greenberg, 1971, 
! . raw any conclusions about the p. 239), the present Study examined the 
Bw adidas of displaying. un- effects of a hierarchical representation on 
B hieu, Je- garned information in a long-term retention. After attainment ofa 
a Bude of een hierarchy at the time common learning. criterion, Ss in both the 
Dope] Y. le Present study did employ association and hierarchy conditions had a 
| "earned information which thelearner delayed retention test, followed by subse- 
i TA no knowledge of before entering into quent relearning. This allowed both (a) 
e experiment, and the hierarchical struc- an assessment of whether a hierarchical 
| 
| 
l 


“aN was made completely obvious by representation retards forgetting and (b) 
senting the hierarchy in its entirety the determination of how a hierarchy dis- 
simuiS Study trials. The hierarchy was integrates during forgetting. It should be 
Rote bee array of one-directional connec- noted that forgetting from long-term mem- 
s tween letters of the alphabet. In ory (LTM) and acquisition into LTM are 
ette condition, the „connections between theoretically independent processes; e.g., 
En were shown in à graphical repre- Olton (1969) found. that sentence mne- 
E non of the hierarchy. In a second  monics facilitated paired-associate acquisi- 
asso ‘tion, the learner saw only a list of tion but had no effect on subsequent 
;, OClations, corresponding to the connec- forgetting. 
lons in the hierarchy, without ever seeing 
aa Sraphical representation of the hier- 
3 lY (cf. Fig. 1). Since the actual con- 
pactions to be learned were identical for 
! conditions, and were not known in 


METHOD 
Design 
Acquisition.—There were two crossed between-S 
variables. One variable was the mode of presenta- 


C—M . 


G—M * 
ASSOCIATION B E M TeS 
. J—K 
3 D—K 
M 
, M" d 
HIERARCHY d ` d 


STUDY TEST 


Fic, 1 Graphical hierarchy and list of associations used during study trials, and test grid used 
during test trials (checkmarks indicate correct responses), 
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tion during study trials. In the Hierarchy condi- 
tion, S saw a graphical hierarchy of one-directional 
connections between individual letters, such as that 
shown in Fig. 1. The connections in the hierarchy 
are determined as follows: Every letter below a 
given letter is “connected” to that given letter 
(e.g., the letters S, K, Q, T, J, D are connected to G, 
whereas only the letters Qand T are connected to S) 
yielding a total of 34 one-directional connections. 
In the Association condition, S saw a listing (also 
shown in Fig. 1) of the 34 one-directional connec- 
tions derived from top to bottom in 
(cf. "levels down" 
variable concerned 
across study trials, 


the hierarchy 
in Crothers, 1969). A second 
the ordering of the connections 
Although the actual identity 
of the connections remained constant across trials, 
the ordering of those connections either changed 
or remained the same, yielding four overall condi- 
tions: Hierarchy-Changed, Hierarchy-Same, Asso- 
ciation-Changed, and Association-Same. n F r ex- 
ample, in the Hierarchy-Changed condition, the 
-graphical representation shown in Fig. 1 might 
be presented on Trial N but during Trial N 4- 1 
he parts of the hierarchy having nodal letters € 
and G might exchange positions, such that during 
Trial N -- 1 G (and all letters beneath G) would 
appear on the left side of the hierarchy while C 
(and all letters beneath C) would appear on the 
right side of the hierarchy. Similarly, the ordering 
of the associations varied across trials in the Asso- 
ciation-Changed condition, since the ordering of 
associations derived directly from the hierarchies 
in the Hierarchy-Changed condition. The Same 
versus Changed variable was included to a: the 
effects of “photographic” organization; i.e., a static 
visual image of the to-be-learned information could 
be formed in the Same conditions, whereas the 
Changed conditions would disrupt the formation of 
such an image, 
Relearning after retentio 
sign employed the rele: 
learned. inform 


n lest.—Although the de- 
arning of both originally 
ation and changed information, so 
that the heading "relearning-trans| might be 
more accurate, the term "relearning" | is used 
throughout for the sake of brevity. "There were 
two crossed within-S variables which concerned 
only the lower levels of the hierarchy. Let a cluster 
be defined as a triangular triplet of adjacent letters 
(e.g., the letters R, L, and F constitute a cluster in 
the hierarchy shown in Fig. 1). Stated differently, 
a cluster is comprised of two adjacent connections 
to the nearest nodal letter (eg., R — Land F > E. 
The two relearning variables involved only the four 
clusters at the bottom of the hierarchy. One re- 
learning variable had the cluster either Changing or 
remaining the Same as during acquisition. In a 
Changed Cluster, although the three constituent 
letters did not vary, the actual connections were 
Changed (eg, ROL and F =>], 
tion phase might c ange to RF and Lok 
during relearning); in a Same Cluster, the connec- 
tions remained the same as they had been during 
acquisition. Now let a superordinate be defined as 
the nodal letter immediately above a cluster (eg. 


from the acquisi- 
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Ace cds at of Ri 
the superordinate of Q, S, T is G ae E The 
L, F is C in the hierarchy shown in 7E inate of 
second relearning variable had the i ing 08 
the bottom-level clusters cither E E sition. 
remaining the Same as during det the 
In the Changed-Superordinate condat (c.g, 2 
cluster shifted to a new Superordina ne o 
S, T might move from G to C); in the e unde 
ordinate condition, the cluster remain Thus 
the same superordinate as in agnianon ET into 
each of the four bottom-level clusters „„Cluste" 
one of four relearning conditions: (a) ea ee E 
—Same-Superordinate, (b) Same-Cluster— ne-Super 
Superordinate, (c) Changed-Cluster Samt Sip r 
ordinate, or (d) Changed-Cluster—Change® s 
ordinate. The Changed condition in both d 
relearning variables requires § to eliminate to form 
press, the old (acquisition) connections an chang? 
new connections. However, notice that a ok 
cluster affects only two connections (eda ea 
and F +L become R > F and L — F) w nection? 
changed superordinate affects. three Son gee 
(eg, Q— G, SG, and T — G become 
S—C,and TS iG). 


Subjects 


s whos 
Each 
der ? 


The Ss were 60 Stanford undergraduat? 
participation fulfilled a course requiremen d 
of the 60 Ss was assigned according to ndition?: 
appearance to one of the four acquisition ed ‘Si was 
These four conditions were rotated so qute to 
assigned to the first condition, S} was ass 
the second condition, and so on. 


Procedure A 
‘ona 


acti 
Acquisition —Each § learned 34 one-dirte 
connections between letters, The Ss in the oe of à 
tion condition were told that the first let sec nd 
given pair Ge, C= M) “went with” the nditio” 
letter of that pair; Ss in the Hierarchy o lette 
were told that every letter below a ines y-test 
“went with" that given letter, The poet 
method was used and the learning priten D stu dy 
errorless test trial, First, S had 2 min. po 


lis 

A ri » complete ™ as 
either the complete hierarchy or the comp'e wi 
associations, 


b 
iations , in 


mies 

e 
S short-term © ur 
to eliminate subsequent recall from sh ens! 


a E: in 
store ib): 

71 
per; Jelson, `, a 
LTM rather than in STM (cf. pera "iate 
Then S had 4 min. to recall as TRI E appro 
he could by making check mar A (see Fig: 1 
cells of the test grid. The test i e Eiern 
all of the letters contained in th eS 
domly ordered at the edges er dcs rotate 
(three versions of the test grid we the conne 
test trials so that S would learn 


I 
E 
rc es mn 
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ae qum ps pattern of check marks on the 
a ei E: he D made a check mark in the appro- 
AEN Ee us 5 given row letter "went with" 
sponding is sh 1 etter fan example of errorless re- 
eee à n in Fig. 1). The S was instructed 
guess; ap ee y ot check marks, even if he had to 
aded aoe ding 4 15 sec. before each test trial 
34 CER: po 2 ed S to be sure that he had made 
C Ne. NA ta each test trial, S had 
Dlástic shee, DIC Ü which consisted of a transparent 
the center E a test grid with a red dot in 
the nn engt of the 34 correct cel 
Élermine wi Shegt on top of his own test grid to 
test-feedba cl cre he had made errors, Th study- 
pleted ei Sequence continued until S had com- 
first Session oe test trial, _ Whereupon the 
any Sifu oe No mention was made of 
rior & : retention test. 

Compote: learning the main 
plete war entirely of conson 
arm-up trials on a hierarchy comprised of 
sentation 
s condition (e.g., 


erarchy, which was 


connecti 
dune ons between vowels 
; Study corresponded to . 


Associati 
ation-Che 
Warmup. | Changed), and the procedure for the 


was the same as that described 


P ad a self-paced free-recall test where he 
: usd Lo write down as many of the 34 connec- 
that E could remember, guessing when unsure 

he total number of associations written 


Wn was ; 
re Was 34, The S could use any form of written 


Call the $ 
id that he wanted (e.g., reconstructing the test 
' listing the associations, or drawing the hier- 


ad 
He h 
ler 
Tete; 


Finally, S had one relearning trial 
The S was told 


n 


s ma 


agni 
magnitude of differential relearning effects 
thereat È the first relearning trial and decre 
Were m ter. The timing and procedure for relearning 
he same as described previously for acquisition. 


REsuLTS AND DISCUSSION 
Acquisition 


Y he mean number of acquisition errors 
rials. 5 of the four conditions, over all 
» is shown in the first row of Table 

be iras changing a hierarchy might not 
association the same as changing a list of 
analysis 2 e that a two-way 
Appropriate = may not be entirely 
ate, three orthogonal comparisons 


TABLE 1 


Mean NuMBER OF AcQUISITION AND RETENTION 
Errors FOR EACH CONDITION 


Cond. 
Stage 
sere Hier- Associa- 
archy- tion- 
Same | Change| Same | Change 
Acquisition 11.53 7.60 | 31.87 | 34.07 
Free-recall 
retention 6.73 | 10.00 | 12.93 | 14.40 
Test-grid 
retention 4.80 | 6.87 | 8.53 | 9.93 


ee-recall 
1 


Note.—MS, for acquisition = 104.75; MSe for fr 
retention = 60,99; 175. for te: grid retention = 36.0 


were carried out on the data. These three 
comparisons were: (a) Hierarchy-Same and 
Hierarchy-Changed versus Association- 
Same and Association-Changed ; (b) Hier- 
archy-Same versus Hierarchy-Changed ; (c) 
Association-Same versus Association- 
Changed. 

The first comparison showed that the 
Hierarchy conditions made significantly 
fewer errors than the Association condi- 
tions, F (1, 56) = 79.86, p < .001, and 
this variable is estimated (w*) to account 
for a remarkable 57% of the total variance 
in acquisition errors. This result strongly 
supports the notion that a graphically 
presented hierarchical organization facili- 
tates learning, even when the hierarchical 
information is not known in advance. 
There were more than three times as many 
errors in the Association condition as in 
the Hierarchy condition, even though the 
actual connections to be learned were 
identical for the two conditions. 

The second comparison showed that the 
difference between Same and Changed 
orders of presentation in the Hierarchy 
condition was not significant, F (1, 56) 
— 1.11. The third comparison showed 
that the difference between Same and 
Changed orders of presentation in the 
Association condition was also nonsignifi- 
cant, F « 1. If S's "image" of the to-be- 
remembered information had been in per- 
fect correspondence with the physical 
presentation, then changing the presenta- 
tion order Should have produced some 
disruption during learning because S would 


392 


have had to make repeated alterations. 
Parenthetically, it can be noted that the 
Same-Change difference in the Hierarchy 
condition was not even in the direction 
predicted by the isomorphic-image notion. 
Evidently, S forms some kind of nonphoto- 
graphic representation, using the graphical 
presentation during study trials merely to 
obtain the information needed to complete 
his own representation. ; 

An analysis of the number of trials 
required to reach the acquisition criterion 
(although these numbers were fairly small) 
yielded the same conclusions as the above- 
mentioned analysis of errors. The mean 
numbers of trials to criterion, corresponding 
to the mean numbers of errors shown in the 
first row of Table 1, were 1:67, 1:27, 3:07; 
and 3.13, and the corresponding Fs for the 
three orthogonal comparisons were 40.79 
(e? = 41%), 1.22, and .03. 


Retention Tests 


Free recall.—The mean number of free- 
recall retention-test errors for each condi- 
tion is shown in the second row of Table 1. 
The data were analyzed by the same three 
orthogonal comparisons as described above 
for the acquisition data. 

The difference bet 


ween Hierarchy-Same 
and Hierarchy-Chan 


ged conditions was not 
Significant, F (1, 56) = 1.31, nor was the 


difference between Association-Same and 
Association-Changed, PS Turning to 
the major comparison of interest, the 
Hierarchy conditions made significantly 
fewer errors than the Association condi- 
tions, F (1, 56) = 6.91, 5 « 02,4? = 9%. 
This result suggests that a graphically 
presented hierarchical organization affects 
not only acquisition into LTM, but subse- 
quent forgetting from LTM as well. Such 
a parallel result does not occur for all types 
of organizational devices (e.g., Olton, 1969), 
One should also notice that although a 
graphically presented hierarchy does affect 
forgetting from LTM, the effect does not 
seem to be as large as on acquisition 
(compare the two ws), 

To further Support the notion that Ss 
in the Hierarchy condition were actually 
retaining a graphical Organization, it should 
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be mentioned that of the 30 Hicrar ai 
condition Ss, all but 4 drew a ET 
during the free-recall test; only 1 ae archys 
Association-condition Ss drew a € 
even though the associations were e rinally. 
from the same hierarchy as RE Ss. 
studied by the Vaga peces itd 
This finding suggests that if a learner ia 
derive maximal benefits from a pu hier- 
organization, all of the items in As neous 
archy should be presented Sino hier- 
within the framework of a graphica 
archical representation. f. errors 
Test grid.—The mean number o Bord 
on the test-grid retention test for Rit 
condition is shown in the third Sy alle 
Table 1. The results essentially poe : 
those from the free-recall retention. nifi- 
The Hierarchy conditions made S of 
cantly fewer errors than the uos 2 
conditions, F (1, 56) = 4.77, p< 2: an 
= 6%; the difference between Sano aoi 
Changed orders of acquisition pre 
was not significant in either the Hie ition 
condition or in the Association con 
(both Fs < 1). show? 
As the third row of Table 1 also from 
the absolute amounts of forgetting al 
LTM after the 3-wk. retention in 


5 
orror 
age of err 7 
were notably low—the percentage he Hier 


ranged from 4.8 + 34 = 14% Ap $296 
archy-Same condition to 9.9 + „onditio” 
for the Association-Changed € 


ply 
ASAP ri 
These low rates of forgetting are P ch 


su 

due, in large part, to the use of a rim (he 
as "every letter goes with M b hi 
example hierarchy shown in Fig- 2 di 
would produce 14 correct response" from 
i ko forgetting fay 
tionally, the low rates of n analog 
LTM are typical of studies (Ne = to elin A 
1971b) that (a) take precautions ^ cum 
nate recall from ae during items? 

hereby ensuring that a t of A 
à E d in LTM at the bei elt 
retention interval) and (b) Si = enous 
paced retention tests so that S du r 
time to recall long-latency d di havi” 

In some situations, the metho! a eri? $ 
different groups learn to a Ru in S E. 
may produce artifactual i mr A a 
sequent retention because of ndei jo 
ential overlearning effects (cf. 


oba 
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196 A : 
\ m If differential overlearning affected TABLE 2 

on in the present study, one would OBSERVED AND PREDICTED  JOINT-ERROR 


| mat individual Ss with the fastest 
| errors) should (i.e., the fewest acquisition 
| from LTM Gi show the least forgetting 
test errors) ae have the fewest retention- 
luct-moment c ccordingly, a Pearson pro- 
Sition i correlation (r) between acqui- 
Computed fo sd retention-test errors was 
None of i each of the four conditions. 
PS 03); 2 four rs vas significant 
Busen; e mean 7 (using Fisher's r to 
Sno eviden iiem e T 01. Thus, there 
alfecteq Seals iat differential overlearning 
n additi ntion in the present study. 
10n to examining the amount of 


Orgetti 

1 uy . > 

Organized ; from LTM for hierarchically 
>», Zed information, an analysis of test- 


Es ation Scores was conducted to 
Üisinte,,... the manner in which a hierarchy 
o dl ane during. forgetting (ie. the 
Possibilic chunks' ina hierarchy). Two 
hg by e We investigated : (a) forget- 
Each S wd (b) forgetting by paths. 
separat pe nity will be considered 
the Orgetting by clusters would imply that 
tio Probability of forgetting one connec- 
Cluster R given cluster (e.g., R >L in the 
"emen _L, F in Fig. 1) is dependent upon 
onne ering or forgetting the remaining 
lf Con in that cluster (e.g, F — L). 
the gong does not occur by clusters, 
lectio e. probability of forgetting one con- 
for et A is independent of remembering or 
clust ting the remaining connection in that 


that r. This independence notion implies 


P (B,)-P (By) = P (Eg N Eu), [1] 


w 
on te P (Ex) is the probability of an error 
Drob s connection ij, P (Er;) is the 
pe ability of an error on the connection 
ig ny In the cluster i, j, k, and P (Ei NE) 
Dec t, Joint probability of an error on con- 
k On i— j and an error on connection 
Vir can think of the left side of 
Probabilit L as providing the predicted 
a this y of a joint error in a cluster, 
EU probability of a joint 

bilit oe compared with the actual 
y of a joint error—the right side 


tror 
Proba: 


PROBABILITIES IN CLUSTERS AND PATHS 
FoR Eacu CONDITION 


Cond, 


Hierarchical l 


structure PE a 
ciation-|Association- 


Hierarchy-| Hierarchy- 
Same | Change Same Change 
| 
Cluster .13(04)* | .32(.14)* | .39(.23)* | .41(.26)* 
Path .10(.04)* .08(.08) .20(.18) .18(18) 


+ is observed joint-error probability and 
joint-error probability predicted by in- 


observed and predicted joint-error prob- 


of Equation 1—obtained from the data of 
the test-grid retention test. If the two 
connections in a cluster are forgotten inde- 
pendently, then one should not be able to 
reject the null hypothesis that the joint- 
error probabilities are equal. If, however, 
forgetting of one connection is dependent 
on forgetting of the other connection in 
that cluster, then the observed joint-error 
probability should be greater than the 
predicted joint-error probability (cf. transi- 
tional error probability in Johnson, 1970). 
The first row in Table 2 shows the observed 
and predicted probabilities, separately for 
each condition but collapsed over Ss and 
items, for all clusters in the lower two levels 
of the hierarchy—the data are pooled over 
these two levels because separate analyses 
at each level yielded equivalent results. 
The top level of the hierarchy is omitted 
because extremely few errors were made on 
connections to the uppermost letter in the 
hierarchy. A two-tailed test based on the 
normal approximation to the binomial 
(Hayes, 1963, p. 284) showed that, for 
every condition in the first row of Table 2, 
the observed probability of a joint error 
exceeded the corresponding probability 
predicted by the independence hypothesis 
(p < .05). These results require rejection 
of the independence hypothesis and sug- 
gest that hierarchically organized connec- 
tions disintegrate by clusters, regardless of 
whether they are learned in a hierarchical 
representation or as a list of associations. 

The second possibility to be considered 
is that a hierarchy disintegrates by paths 
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(branches). Let a path be defined as a 
connected sequence of letters going from 
the bottom of the hierarchy to the top 
(e.g., in Fig. 1, the sequence P, B, C, M is 
a path). The uppermost letter will here- 
after be ignored because of too few errors 
on connections including it, and the general 
terminology for describing a path (from 
bottom to top) will be f, g, h which includes 
the connections f— g, gh, f —^h. If 
forgetting occurs by paths, then the proba- 
bility of an error on fh, P (Ep), should 
increase if a link in the path is broken, i.e., 
if there is an error on either f — g or g—h, 
E Ep). If forgetting does not occur 
SM 15 that P (Ej) and P (Ej, U Ej) 
are independent, then 


P (En) P (Ej U Eqn) 
= P [En N (Ew U En)], [2] 


where P [En (En U Em)] is the joint 
probability of an error on f—h and an 
error on either f >g or g > h. Similar to 
the cluster analysis, the left side of Equa- 
tion 2 provides the predicted probability of 
a joint error, which can be compared with 
the actual Probability of a joint error— 
the right side of Equation 2— obtained 
from the data of the test-grid retention 
test. These two Probabilities should be 
the same under the null hypothesis of inde- 
pendence. The second row of Table 2 
shows the observed and predicted probabili- 
ties, Separately for each condition, for all 
paths in the hierarchy (excluding any 
connections to the uppermost letter of the 
hierarchy). For all of the conditions except 
Hierarchy-Same there is no significant dif- 
ference between the observed and predicted 
probabilities. The difference in the Hier- 
archy-Same condition, although quite small, 
is statistically significant (p < .05). Thus, 
for all conditions except one, hierarchies 
do not seem to disintegrate by paths. 
Unfortunately, the situation for the 


Hierarchy-Same condition is somewhat 
muddled.* 


* A parallel significance of paths during relearning 
for the Hierarchy-Same condition would produce a 
significant interaction between (a) Hierarchy- 
Association, (b) Same-Changed order during acqui- 
sition, and (c) Same-Changed superordinate during 


THOMAS O. NELSON AND EDWARD E. SMITH 


Since hierarchical information d. 
grates more by clusters than by Pun 
regardless of the mode of prose 
(Hierarchy vs. Association), it A. 
that the difference in retention bein 
the Hierarchy and Association be wail 
cannot be explained by mag ME 
ability of information within | ges 
Instead, the difference in pene rl / 
likely due to differential avalon E. 
higher order information, such as the 
"chunk" itself. 


Relearning 


" e- 
Performance was quite high during M 
learning, very likely because the amo ntion 
forgetting from L'TM during the pet. 6 
interval was not great—hence, mat Sone) 
the connections (remembered connects " 
did not actually have to be "ree 
because they had never been fore i- 
(cf. Nelson, 1971b). The Hierarchy © 30) 
tion made fewer relearning errors (xX d 30); 
than the Association condition (x “Terenc? 
F (1,56) = 25.79, p < .001; this di ere is 
is of little interest, however, posts 
undoubtedly affected by the ae n 
forgetting from LTM during the re bove 
interval for the two conditions (see à erst? 
Both the main effect of Same the 
Changed order of presentation range 
Hierarchy-Association  Same-Ché ot 
interaction were 
Fs < 1). on the 
The comparisons of interest oues] clustef 
relearning errors for each lower leve ^ each 
and its superordinate node. . F (eii i 
cluster-superordinate combination «^y 2 
B, W, C in Fig. 1) there could be er7?^, is 
five possible connections feta A foro 
WoB,BoC,PSC,W .clearnis 
way analysis of variance on E pee @ 
data employed the following Be u 
Hierarchy versus Association (a 
tion variable), (b) Same versus z 
order (an acquisition variable), 


nonsignificant 


relearning. 
F (1, 56) = 2.05, p > .10. Th ye 
suggests that no firm cone pion he A 
about the significance of paths for p js cor 
Same condition until more researc 

on this specific issue. 


" B 
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versus Changed clusters, and (d) Same 
i53 itn superordinates. The first 
SM cm etw een-S variables and the last 
Bact " within-S variables. As one would 
the Hie es the finding just mentioned, 
Qt - T condition made fewer errors 
($- n ped D Association condition 
binations FUL Se INE com- 
More a : , 56) = 29.15, p< 001. 
Bia os vant to the present discussion, 
ise e comparisons of interest concern 
Biter: data for Same versus Changed 
ea and Same versus Changed super- 
Mates. These data are shown in Table 

pa gnificantly more errors were made on 

$ ae clusters than on Same clusters, 
ee 6.23, b < .025. This finding 
E " he hierarchy-disintegration analy- 
of ie ently, there is some cohesiveness 
that a, connectors within a cluster such 
reri changes in the cluster produce a 
f ent in performance, both in terms 
Orgetting from LTM and also in terms 
ie tanming, The situation is quite dif- 
ordin; for Same versus Changed super- 
EM In essence, changing the super- 
A ia involves breaking the figh path. 
the e hierarchy-disintegration analysis, 
results showed (for all conditions 
Bet one) that a broken path due toa 
Botten connection does not increase the 
tie ability of an error on another connec- 
QUAM that path. The relearning results 
Bien this notion. because changing a 
i gina during relearning—and 
ome breaking the path—did not produce 
ordi € performance than keeping the super- 
inate the same (F < 1). This is parti- 
ularly interesting because changing a clus- 
er, which necessitates changing only two 
Connections, does produce a significant per- 
9rmance decrement whereas changing a 
Path, which necessitates changing three 
Connections, does not produce a significant 
Performance decrement! Thus, the con- 
lusion about the general importance of 
IM and clusters for hierarchically orga- 
Z information seems fairly clear: Both 
the Arai disintegration analysis and 
aes Felearning data suggest that clusters 
d ders critical than paths—changing 
T lorgetting part of) a cluster produces 
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TABLE 3 


MEAN NUMBER Or RELEARNING ERRORS 
FOR EacH CONDITION 


Cluster 
Superordinate 
(Path) 
Same Changed x 
Same 42 .82 .62 
Changed 53 -63 58 
* AS 72 


MSe for Cluster 


Note.—M.5. for Superordinate = .58; 
interaction = .66; 


=.00; MSe for Superordinate-Cluster 
number of possible errors = 5. 


more of a general performance decrement 
than does changing (or forgetting part of) 
a path, Finally, it should be mentioned 
that all other effects in the analysis were 
nonsignificant (p > .10) except for the triple 
Hierarchy-Association X Same-Changed 
superordinate X Same-Changed cluster in- 
teraction, F (1, 56) = 4.95, .025 < p < .05; 
this triple interaction seems relatively im- 
potent, both in terms of its magnitude and 
in terms of its theoretical significance, and 
none of the double interactions related to 
the triple interaction were significant 
(p > .10). 


CONCLUSIONS 


Taken together, the following conclusions 
summarize the present findings about acquisi- 
tion and forgetting of hierarchically organized 
information in LTM. 


1. For unknown nonmeaningful connections, 
presentation of these connections in a graphical 
hierarchy aids learning much more than simply 
listing these connections, even though the to- 
be-acquired connections are identical for both 
modes of presentation. 

2. Following attainment of a common ac- 
quisition criterion, forgetting from LTM is 
greater for connections learned in a list than 
for connections learned in a graphical hier- 
archy. However, this effect does not seem to 
be as large on forgetting from LTM as on 
acquisition into LTM. 

3. Direct use of the graphical hierarchy 
occurs during the retention test, as shown by 
S's method of responding on a free-recall reten- 
tion test. However, the internal representa- 
tion of the hierarchy does not seem to be an 
isomorphic "photographic" image of the physi- 
cal hierarchy because Changed versus Same 
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ordering of the connections had no significant 
effect on either acquisition or forgetting. 

4. When a hierarchy (learned either by a 
graphical presentation or by a list of connec- 
tions) is forgotten from LTM, it tends to 
disintegrate more by clusters than by paths. 
This conclusion receives support from the 
pattern of errors on the retention test and from 
the relearning performance on a new, altered 
hierarchy. In terms of Miller's “chunking” 
notion (1956), the "chunk" in hierarchically 


organized information seems to be a cluster 
rather than a path. 
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TRADE-OFF 


BIAS AND EFFICIENCY EFFECTS 


IN SERIAL CHOICE REACTIONS 


RICHARD G. SWENSSON! 


Bell Telephone Laboratories, Holmdel, New Jersey 


By comparing the speed-accuracy tr 


this experiment distinguished between: 
trade, and (b) efficiency effects, 


in S's speed-accuracy 


mance drawn from different trade-off functions. 
the five successive visual stimuli immediately 


other task delayed the stimulus for 1 sec. 
ade-off bias could account for the “repeti- 


immediately after S's response, a tr 


tion effect,” i.c. faster, but less accurate, 
Compared to S's performance 


alternated responses. 


the delays lowered efficiency by about the 
Although it occurred at 
require a different explanation for responses 
Without delays, posterror resp 


and accuracy. 


those at later positions. 


hari 
their high error rates apparently reflected S's pei 


extra error-correction responses. 


Sn prial tasks, sequential effects on reac- 
le rs ne (RT) increase in magnitude as 
Ber pone stimulas (R-S) delay interval 
961. E: from about 1 sec. to 0 (Bertelson, 
1971. ertelson & Renkin, 1966; Burns, 
Tespa Rabbitt, 1969). Among correct 
than nses, mean RTs are faster to repeated 
1961 EO nonrepeated stimuli (Bertelson, 
ror: and are slower on trials that follow 
Br (Rabbitt, 1969). Among errors, 
OA ed responses have faster mean RTs 
q nonrepeated responses (Hale, 1968). 
i HM these RT effects are made 
erfor t to interpret by Ss’ ability to trade 
eer accuracy for increased speed 
Howell 1966; Hale, 1969; Hick, 1952; 
Man & Kreidler, 1964; Leonard & New- 
Son ' 1965; Pachella & Pew, 1968; Swens- 
dM 1972), Thus a faster mean RT for 
Ror Onses in one sequentially defined cate- 
a Y could reflect either: (a) @ trade-off bias, 
den a tendency to respond with less evi- 
Some. about the stimulus identity) or 
or ee as efficiency in Ss perceptual 
Pretation Processes. To reject either inter- 
be eq A S's performance must somehow 
E es for accuracy across response 
Buara IM omparability will not be 
<Sranteed by simply forcing S to maintain 


! Requests 
- SES for reprints should be sent to Richard 
New iC P elephone Laboratories, Holmdel, 


— 52 ——— — ——— — 


all serial positions, t 


ade-off relation in two-choice serial tasks, 
(a) bias effects, attributable to changes 


that reflected. perfor- 

One task presented each of 
after S responded, while the 
When each new stimulus appeared 


performance for repeated than for 
in his other task, removing 
all levels of speed 
his effect seems to 
at the initial position than for 
onses were exceptional; 
rsistent tendency to insert 


me amount at 


a low overall error rate, because empirically 
determined trade-off functions (Hale, 1969; 
Hick, 1952; Pew, 1969; Swensson, 1972) 
show that any small difference in error rate 
leads to progressively larger differences in 
mean RT as S's overall accuracy increases. 
A better way to test these alternative 
is to compare S's speed- 
accuracy trade-off functions between the 
categories of interest. If such categories 
partition S’s responses without regard to 
accuracy, a bias to make Category A re- 
sponses faster (but less accurately) than 
those in Category B would map out identi- 
cal trade-off functions for 5's A and B re- 
sponses. Failure to obtain superimpose 
trade-off functions would imply that A and 
B responses were not performed with equal 
efficiency. Parallel trade-off functions, 
with Category B slower than A at each 
level of accuracy, would result if B re- 
sponses required S to perform certain extra 
processing steps that increased his RT 
without increasing his accuracy (eg. a 
shift in attention or in motor-response 
preparation). However, trade-off functions 
would differ in slope, diverging as S's ac- 
curacy increased, if Categories A and B 
represented occasions on which S processed 
the stimulus information at different rates. 
The model for this experiment attributes 
all sequential effects to biases in S’s trade- 


interpretations 
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TOON 


Fic. 1. The visual display. (The stimulus shown 
in Position 1 required a left-fi nger response; Position 
2 required a right-finger response.) 


off or to constant differences in efficiency 
between response categories. It assumes a 
serial task with visual choice stimuli dis- 
played in known locations, sufficiently far 
apart to require a seq 
fixations, According 
perform three proces 


luence of separate eye 
to the model, 5 must 


Sing steps at each re- 
sponse in the series: he must (a) move his 


eye to the next stimulus location, (b) 
Categorize the stimulus and select the 
appropriate response, and (c) execute the 
motor response he has selected. "The model 
assumes that these Steps must be carried 
out serially, with overlap possible only be- 
tween execution of one response and the eye 
movement to the next stimulus. The trade 
between speed and accuracy is assumed to 
involve only processes connected with stim- 
ulus identification and response 

The experiment tested th 
tasks that required five ser. 
the same visual stimuli, 
in their R-S del 


selection. 
is model in two 
ial responses to 
but which differed 
ay interval (0 and 1 sec.). 
Assuming that the task's R-S delay does 
not affect the perceptual and decision 
processes which determine S's responses, 
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c- 
the model predicts parallel srade-of e 
tions for all categories of Mme cii 
tasks. If differences in — os ae 
ciency reflect only the amount o ete. 
movement time included in his ed bé 
RT, then trade-off functions (a) at the 
superimposed for responses: e dO 
initial serial position in both m d — 
at all serial positions when the F "— 
is 1 sec. To insure that S's per it the 
could be matched for accuracy betw nd be- 
two tasks, at each serial position, a aa 
tween different sequentially ae both 
gories of responses, each .S sai wed 
tasks under a wide range of trades b 
speed and accuracy. 


METHOD 


-ontrolled 

Task and. stimuli—A PDP-7 computer conde ray 
the tasks and presented the stimuli on a a sponses 
tube display.? A single trial required hve S 1 
one response to each of the stimuli EGANI display 
the five square display “windows. E G) 
windows were arranged vertically for They were 
and horizontally for the other (RS). sft to right 
numbered 1 to 5 from top to bottom or ei stimuli 
to indicate the sequential order in M was 2 
appeared. "The stimulus in each ec equipro i 
diagonal bar presented in one of the tw pressing x 
able orientations. The S responded by Pit inde? 
microswitch key under his left or d m tiltet 
finger, depending on whether the top of ei Figure ;, 
45° to the left or to the right of vertica s the “le a 
shows the vertically arranged display Sut mulus jt 
stimulus in Window 1 and the "right" 5 d 
Window 2, aarke 
che 


cept for the stimuli and the square ibo 
Window 1, all display information pem. i 
screen continuously, The square marker in a b 
1 appeared when S pressed a key to BER dE 
series trial, followed 1 sec. later by SA respon? 
the Immediately Serial (IS) task, is in the 
immediately triggered the next stimu A 
display window. In the Delayed 25 response “ed 
there was a 1-sec. delay between each ram ig? lay 
the next stimulus. The computer De Rea del 
any responses that occurred 3 d 
(impossible by definition in the I$ bs ci 

In both tasks, S's fifth CE A TWA 
trial automatically produced a deni until 
the top of his screen, which remaine 
a key. A second keypre: 
series tria Scoring wz atcheC a. 
Reine es Sone per ot poet gee jr te” 
five responses with the stimuli base 


nd 


;ment 
perito. 
xpe m 


or he € 
? Computer programs to pertorm MA by 
and to analyze the data were wri 


Collins. 
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E ue of occurrence. The feedback informed 
i E fim oer of correct responses out of five, the 
costs (fo DC RTs, and the sum of his five time 
Proe, a : RG, as explained later). 
Toe E perimental se 
Rares occurred on different da each w 
Se Fee to either the IS or the DS tas! 
Holmdel Up gees of Bell Telephone Laboratories, 
tasks cans - J. alternated between the IS and DS 
qi MAE Successive days. There were 3 practice 
followed [s on the IS task and 1 on the DS task), 
ae by 8 test sessions. The total numbers of 
the IS a gats trials (each of five responses) for 
and 1 500 , S tasks; respectively, were about 2,500 
S RG. or S RS and about 3,000 and 2,000 for 


Betwee, 
Ee pigale et 3 or 300 trials within each 
Eom ue urage . to change his performance 
© speed ee 1 ds re ative importance he attributed 
or each and aceuracy. dn the initial block of trials 
high tue on S's primary goal was to achieve 
B need IE T hereafter, S was gradually required 
is five p his total series RTs (the sum of RTs over 
blog Re eee in each series trial) in successive 
Scores 2 trials, while obtaining the best accuracy 
When $e. ent with these faster performance s. 
single ba sos had increased to 25%-30% in any 
quire ia of trials, the procedure began to re- 
Success: reasingly higher accuracy from S in each 
fastest ve block; he attempted to maintain the 
these total series RTs possible, consistent with 
tccuracy goals, The S RS received no explicit 
5; his performance goals for each new block of 
ere set by instructions concerning error rates 


Se 


Or 

me; 
Boats te total series RT. ‘To change performance 
bet. tor S RG, explicit monetary payotls Y ried 
devel en blocks of tria ccording to a previously 


9 ~ 
Rare procedure (Swensson, 1972). / 
Er oon response in the series, S RG received a 

9f D points if correct, nothing if incorrect, 
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and a cost of 1 point for every 10 msec. by which his 
RT exceeded a "'free-delay" interval. As the instruc- 
tions pointed out, the purpose of this free delay was 
to remove any incentive for S to decrease his RTs by 
predetermining his responses or guessing (Swensson 
& Edwards, 1971), since there was no advantage in 
responding before the free delay elapsed. The free- 
delay intervals used for the DS (250 msec.) and IS 
(300 msec.) tasks were estimates of the RT for 
which S's accuracy would decline to chance level, 
based on his performance in practice sessions. The 
value of D controlled the relative importance of 
speed and accuracy for S’s payoffs. As D decreased 
in magnitude correct responses became progressively 
less valuable, so that the time cost gradually began 
to dominate his net payoffs. Increases in D made 
accuracy more important to the net payoff. The 
total net payolís for each block were added to or 
subtracted from a handicap, calculated from per- 
formance in each previous session, to adjust for 
whatever changes in expected net payoff were pro- 
duced by the changes in D. Points were worth .1¢ 
each. 


RESULTS 

Total series performance.—Both Ss varied 
the speed and accuracy of their overall 
series performance across a wide range of 
trade-offs in each task. The Spearman 
rank-order correlations over all blocks, 
between total series RTs and proportion 
of correct responses, were higher than .943 
for both Ss in each task. However, each 
serial position contributed only 50 or 100 
responses per block. To condense each 
S's data, so that the speed-accuracy rela- 
tionship could be examined across various 


TABLE 1 


Ennon-R: I 
RESPONSES PER Dara SET, 


CRITERIA FOR PooLixG BLOCKS OF TRIALS, 
AND MEAN PERFORMANCE 1) 


ZSULTING NUMBER OF 


I 
Born Tasks 


i j € Data sets for § RG Data sets for S RS 
Measure 
- Measure ; ^ 1 à z 7 5 
Tor. 7 
Prom criteria ð 04 101 201 0 .051 101 | 251 
P B M. .040 .100 200 500 .050 100 .250 .500 
tiopa Ponses per serial posi- 
j 699 499 499 599 
993 945 699 ; 
qu 549 449 200 396 596 289 
> | 423 WO | Oe |. tit 
918 a. | 152 025 | .068 | .130 
i 2 J 152 
iin " 3 315 439 422 390 
if 359 348 339 250 383 351 321 
e 301 | 2339 | 7S | oss 5 71 69 
_ “tence "58 “35 5 65 56 


"espotises c 
Sbonses oy, er 
"Ses over all serial positions were 


ial five times these numbers. 
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ERROR RATE (®) 


MEAN RT IN Msec 


ae S j Lu dL yu T 
RSS 8: MEL ee aa 
SERIAL POSITION SERIAL POSITION 
OIS TASK 
Seu RG eos 

a 


Fic. 2. Mean RTs and error rates at each serial 
position in the IS and DS tasks from Data Set 4, 


(Broken horizontal lines indicate mean performance 
across all serial positions.) 


categories of responses, blocks of trials that 


had similar overall error rates were pooled 
together for all Subsequent analyses. This 
produced sets of data at four different levels 
of total series accuracy for each S. 

Table 1 indicates (a) the error-rate cri- 


teria that were used for assigning each 
block of series 


trials to one of the four data 
sets, (b) the number of responses per serial 
position that each data set contained in the 
IS and DS tasks, and (c) mean RT and 
error rates for both Ss, pooled over all five 
serial positions in each data set. At com- 
parable levels of accuracy both Ss’ mean 
RTs were consistently 45-70 msec. faster 
in the DS task (which used the 1-sec. R-S 
delay). 

Serial position effects.—Initial responses 
in the IS task were much slower and more 
accurate than any others, These “‘initial- 
position effects” can be seen most dra- 
matically in the data from Set 4, which con- 
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er- 
tained Ss’ fastest and least — 
formances. Figure 2 plots error ost EE f 
panels) and mean RT over seria Pu 23% 
for Data Set 4. Although RG i of his 
errors overall in the IS task, only ae a 
initial responses were errors; 10% errors: 
Positions 4 and 5 had about bs 0 attert | 
The data for RS show a similar e also 
Both Ss' initial responses in each d than 
had a mean RT considerably Towe 
those at later serial positions. DS taski 
no such effects emerged in the ES T 
Fig. 2 shows that error rates andi in the 
were about the same at each positi on 
series. These patterns of results rep data 
for both Ss in the remaining eo | 
sets, at each level of overall perío 


accuracy. efficient 
seria 
his 


The model predicted wee 
performance for both tasks at the fi 


Pes h xate 
position, because S could always fix: 


: appear’ 
position before the stimulus rediction 
However, the model made no pe and | 
about how .S's trade between SI itio? 


; S 
accuracy might change over pep. ent | 
or between tasks. Figures 3 and ffs ac ei 
each S's speed-accuracy trade-o nasil 2 l 
the four data sets; they plot a mea9 yc | 


; A " $ 
S's accuracy against his mean s the od 

ale, € i 

curacy is plotted on a log scale, as ^7 o/e 

; y : 
favoring a correct response : asu" 


This mee” 5e 
where @ is the error rate. "s resp "je 
the relative likelihood that ; prov ih | 
was correct rather than an error; P^ w! 


an unbounded scale for aco st the 
chance performance (50% ero es ADDAN | 
base line. Corresponding grong 3 and (a 
on the right-hand ordinate of 2 et 
Connected points in Fig. et) Fi Tos 
different shape for each data Pat ea ? osi 
to the same serial position. e seria P id 
DS task (solid points), all fy same 9 "ipe | 
tions appear to reproduce t “Howeve™ oct 
accuracy trade-off function. cem tO 24d 
display's serial position oe task: task 
the trade-off function in the for the ca! 
bers beside the open points "rhe ver and 
refer to the serial position. ket plus jn 
bars around each point Meg avo 
minus 1 SE of the estimate qut 


a correct response. 


int 
č ata pe 
In plots of this type, any d 
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Fic. 3. 
shape of each point indicates the dat 


tinguish performance in the I 
position represented by each d 
each point bracket p 

lies . 
poi, rove and/or to the left of some other 
Exc indicates more efficient performance. 
fop Pt for S's initial responses, the curves 
n aN serial position in the IS task 
buc d y parallel those from the DS task, 
RTs hey are displaced toward slower mean 
Systen What appear in Fig. 3 and 4 to be 
lineage decreases in Ss’ efficiency across 
Next end 2-5 in the IS task are seen in the 
Ing A to be an artifact of the increas- 
respons Ders of highly inaccurate posterror 
fi Weg es later in the series. — Trade-off 
task ee forpa initial responses in the IS 
ene uu be located very precisely (be- 
of the extremely low error rates for 


Speed accuracy trade-offs at each s 

a set to which it refers (Sets 1, 2, 3 
— circles, triangles, squares, and diamond 
S and DS tas! 
ata point for the IS t 
lus and minus 1 SE of the accuracy-score estimate.) 


(The 


ial position for S RG. 
2, 3, 0 


Open and solid points dis- 
Numbers indicate the serial 
ask. Vertical bars around 


s. 


these responses), but compared to trade-off 
data from the DS task, these curves appear 
to be displaced toward slower mean RTs 
(particularly for RG). 

Sequential effects —A major purpose of 
the experiment was to test whether sequen- 
tial effects in these series tasks reflected 
(a) only changes in S's speed-accuracy 
trade, (b) only changes in efficiency, or (c) 
both kinds of effects. Responses at Serial 
Positions 2-5 in each task were categorized 
as either repetitions (the same as S’s $6. 
sponse to the previous stimulus) or alter- 
nations (the opposite of his previous 
sponse). A second independent partition 
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Fic. 4, 


further divided eac 
into two addition 


vith equal frequency. Any 
s speed-accuracy trade be- 


Speed-accuracy trade-offs 
(The format is identical 


at each serial position for S RS. 
with that of Fig. 3.) 


tra 
: hy a. te 
frequently than the other, eT ipit o 
bias would increase the P nie aC 
response category among his e de 


ce n 
: erformant ^ii 
ever his overall level of m repeti! 
curacy. Table 2 presents each 


TABLE 2 


REPETITION Bras FOLLOWING 
ERRORS IN EACH Data 


BOTH Correct RESPONSES AND 
SET FOR THE Two Tasks 


| SRG | soe a 
E — e 
— AM iod 
Previous a se = o 
Task Previous Satra m Data set | pe 
All sets " 
== 7 E x pooled 3 3 
1 | GS o] a | 4 | a | : a | à 
> .79 : ; 
IS Correct E .58 | 66 | .79 .66 81 p» 10 a d 
Error a | a8 | i | we | 3| 58 |) 37 | Ty Ie 
DS Correct 34 42 54 | .32 36 -60 707 42 3 
Error | = NS 168 | 61 | 63 = ó 
a S 


Note.—The repetion bias is 


€ » the proportion of the total number of errors 
A value of .5 implies equal numb 


ie 


er5 of errors contributed by repetition and 


titii 
" a repeti 
in each category that resulted from 
alternation responses. 
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bia 1 
Ee coer e of errors that were con- 
errors ihat? Ium responses, among 
an TUS ehm owed both correct responses 
and DS t rime in each data set for the 
e ea 

| ei 2 that are close to 1.0 
ENcies to re Lid indicate extreme tend- 
lases we pee or to alternate responses. 
both s S small in the DS task, although 
they had a alternating responses if 
Same res acen correct and repeating the 
EVET, dn P Se it had been an error. How- 
ere kenghis s: task, Ss’ response biases 
Verse dire rably more extreme and in the 
“espectiy, J ction. For Ss RG and RS, 
that folle Y, 66% and 83% of the errors 
Owed correct responses (pooled 
ata sets) were contributed by 
owing m d their previous responses. 
error, both Ss showed a strong 
to switch responses (to the re- 
"ébetitio ' should have made previously) ; 
and 2 i responses constituted only 14% 
RG Mie e the (pooled) errors made by Ss 

RS on these trials. 
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As expected (if they reflected. asym- 
metries in S's trade-offs), the response 
biases shown in Table 2 were accompanied 
by systematic differences in performance 
speed and accuracy between repeated and 
alternated responses. Whenever there was 
a repetition bias (i.e., a value in Table 2 
substantially larger than .50), then S's 
repeated responses were faster and less 
accurate than alternated responses; the 
reverse was true when S's bias favored 
If S's trade-off mechanisms 
were responsible for all differences between 
repetition and alternation responses, then 
the separate trade-off functions for both 
categories should be superimposed. 

Figures 5a and 5b plot the separate trade- 
off functions obtained from each S's four 
categories in the IS task. First 
the trade-off functions following 
correct previous resporses (indicated by 
the open and filled circles). Although the 
data points for repetition responses appear 
shifted toward faster mean RTs and higher 
error rates (relative to the data points for 


alternations. 


response 
consider 
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RG (Fig. 5a 


he alternated responses. 
response had been correct or erroneous. 
the four data set: 


) and S RS (Fig. 5b). 
sions on which .S repeated his previous respor 
Circles and triangles indicate whether S's previous 


Asterisks indicate pe 


(b) 


ade-olfs from the four types of responses in the 


(Open and solid points differ- 
nse from those on which 


The four points on each curve represent 
rformance on all responses in each data 


setat Serial Position 2. Vertical bars around each point bracket plus and minus 


1 SE of the accuracy-score estimate.) 
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the accuracy-score estimate.) 


alternation responses), both of these func- 
tions are generally superi 
regions of overlap. Only in RG's fastest 
and least accurate performance (Fig. 5a) is 
there any evidence of a Systematic differ- 
ence in these trade-off functions, to suggest 
that repetition and alternation responses 
may have differed in efficiency after a 
correct response, 

Both Fig. 5a and 5b cle; 
S's performance was 
error in the IS t 
had considerably 
data set, and me 


arly indicate that 
degraded after an 
ask. Posterror responses 
higher error rates in each 

‘an-RT differences between 
repetition and alternation responses were 
also much larger. Inall but one case (Set 4 
for S RS), mean RTs were extremely slow 
when .S made an error and then repeated 
that response, in spite of the high frequency 
of errors among these responses. Response 
alternations after an error were usually very 
fast, particularly for S RG. Whether Fig. 


Vertical bars around each poir 


nt bracket plus and minus 1 SE of 


func 

5a and 5b suggest a common trade-off n ion 
tion for posterror repetition and alte in the 
responses is questionable, Oye p e two 
trade-off functions mapped by nee a 
response categories was minimal: rlap ? 
single data point for RS and no ove 
all for RG, vce tte 

The degradation in performar arent 
followed an error in the IS task KA note 
accounts for much of the p ro", 
decline in performance : ge Fig: 
Serial Position 2 to Position 3 crease? of 
and 4). Because error rates in tion sn 
the later serial positions, the up wre 
posterror responses also eee made “a. 
all responses were pooled, ably less ME 
performance appear considera Data Po" sb 
cient at later serial pose « Ba aD A at 
indicated by asterisks in II response of 
represent performance for al tually 2) ype 
Serial Position 2 alone, ae a 
which followed correct resp 
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initi; DE A 

aa a in the series. These data 

that Siclide Ss to the trade-off functions 

Figure 6 gl — — 

tions, Glinined f both Ss’ trade-off func- 

Categories E i or the same four response 

Points are pl e he DS task. Only three 

cause of pee. for posterror responses; 

Were rare i high accuracy such responses 
in Data Set 1, and none were 


error, 
S, 
erally ate trade-off functions were gen- 
Ponse ilar between all four of Ss’ re- 
smal) ,,'2tegories. Each S displayed a 


etveen' consistent, difference in efficiency 

Sbonses. t] “petition and alternation re- 

only Biter a change in efficiency occurred 

only after correct responses for RG, and 
errors for RS. 


DISCUSSION 


Wh 

a rer H 

E sver processes underlie Ss' speed- 
Sumegq trade-off, the proposed model as- 
task’ S ^at they would not be affected by the 


oS day interval or by the preceding 
he mod E stimuli and responses. This forces 
i tu to treat all observed performance 

es as: (a) different trades between 


Sequ 


Pee 

Mane and accuracy, (b) shifts in S’s perfor- 
Mean” efficiency (some constant change in 
i T for all accuracy levels), or (c) com- 


binas; 
foras of both effects. Thus the model pre- 

ana ee trade-off functions for both the 
ions DS tasks, for all serial response posi- 
Orieg and for all sequentially defined cate- 
clear] of responses. This prediction was 
I hee ee for posterror responses 1n the 
cussed ; which had no R-S delay. As dis- 
increas ater, the accuracy of these responses 
x ded much more slowly with Ss’ mean RT. 
Cate, Ver, trade-off functions for all other 
Bees of responses appeared reasonably 

el. 


Trde-Of Bias 


son previous results (Bertelson, 1961; Bertel- 
Sugge Renkin, 1966; Rabbitt, 1969) would 
reSpone the preceding sequence of stimuli and 
When Hie had much more pronounced effects 
if S's e task included no R-S delay. Then, 
K AD response had been correct, he 
quentl sa as response faster and more fre- 
hà eL but with a higher rate of error—than 
Parently nated responses. This effect ap- 
Speeds: represented simply a bias in S's 

accuracy trade-off, since except for 


S RG's fastest performance (Data Set 4 in 
Fig. 5a), the separate trade-off functions for 
repeated and alternated responses were super- 


imposed. 


Performance Efficiency 


Initial serial position.—At the initial re- 
sponse in each series the IS task was identical 
to the DS task, except for S's knowledge (pre- 
sumably reflected in how he organized his per- 
formance) that the next stimulus would appear 
as soon as he responded. Nevertheless, both 
Ss made their initial responses much more 
slowly and accurately in the IS task, and 
trade-off functions for these responses (seen 
in Fig. 3 and 4) appear displaced toward 
slower mean RTs. These data suggest that 
removing the R-S delay produced some addi- 
tional processing requirements at the beginning 
of the IS task, which forced Ss to spend more 


time at the first position. 

Whatever the precise n 
preparation, Ss apparently could not complete 
it during the 1-sec. preparatory delay before 
the first stimulus appeared. However, the 
extremely low error rates at this first position 
demonstrate that Ss continued processing the 
stimulus information during at least part of 
this self-imposed delay. 

Later serial positions—For responses at 
Positions 2-5 in the series, the IS task shifted 
Ss' trade-off functions toward slower mean 
RTs. Relative to their DS task performance, 
this shift was 35 to 60 msec. for RG and 45 to 
90 msec. for RS. Removing Ss' inaccurate 
posterror responses removed the apparent 
progressive decrease in efficiency from Position 
2 to Position 5. 

Measured RTs at these positions in the IS 
task had to include whatever additional time 
S's eye movements required. Eye movements 
of predetermined direction and extent require 
150 to 200 msec., as estimated by the maximum 
rate of saccadic fixations (Fitts, 1964) and by 
eye-movement latency to the onset of a light 
whose relative position is known (Latour, 
1967). Since these estimates are two to four 
times the change in efficiency observed between 
the DS and IS tasks, they reject the hypothesis 
that Ss had to complete their motor response 
before they could initiate an eye movement to 
the next position. 

If Ss began their eye movements and motor 
cect n te i gd 

quired a mean time of 


ature of this initial 
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100 msec,’ then Ss would not have completed 
their eye movements until 50 to 100 msec. 
after their motor responses (which triggered the 
stimulus onset). This difference corresponds 
in magnitude to the observed change in effi- 
ciency between the DS and IS tasks. AT 
Small but consistent differences in efficiency 
appeared between repeated and alternated 
responses in the DS task, only after correct 
responses for one S and only after errors for 
the other. Perhaps this task's R-S delay of 1 
sec. allowed .$ to make idiosyncratic use of 
internally generated feedback about whether 
or not his response was correct—e.g., to prepare 


one physical response at the expense of the 
other. 


Posterror Responses 


In the absence of R-S delays, errors seemed 
to disrupt Ss’ immediately subsequent per- 
formance; although posterror repeated re- 
sponses were slow and alternated responses 
were fast, both had much higher error rates 
than they did after correct responses, 
results are consistent wi 


Correction" responses in serial tasks (Burns, 


1967; 1968a; 1968b ; 
(1966) suggested that S may 
process the stimulus information 
initiates a response. This further 
processing can trigger a second "more con- 
sidered” response when it differs from S's first 
response to the stimulus, 

the task's R-S 
€rror-correction 
problem for the 
interval is Short, 


continue to 
after he 


interval is fairly long, 
responses pose no serious 
data analysis, If the R-S 
however, there is no un- 
equivocal way to discriminate an error-correc- 


tion response that occurs after this R-S inter- 
val from a fast Tesponse made to the next 
stimulus. The standard procedure (used in 
the IS task) assumes a single response to each 
stimulus and records any error cor: 
alternated response m 
(scored correct with c 


rection as an 
ade to the next stimulus 
hance-level probability). 
Thus, the presence of fast error-correction re- 
Sponses generates precisely those e 
served for alternated posterror respor 
IS task, and also found in other ex 
Se 


fects ob- 
nses in the 
periments 


? Motor re 


sponse 


time must include delays of 
about 25 to 50 msec, 


1951), about 40 
(Fitts 


for neural conduction (Ruch, 
msec. for muscular contraction 
1951), and the push button’s travel time. 
imate of about 100 msec. is consistent with 
these times and also agrees with the minimum dura- 
tion between discrete repetitive movements, such 
as finger tapping. 
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with short R-S delays (Rabbitt, 19680 
Error corrections inflate the Sama P 
tion of response alternations, thereby R for 
ing mean RT and inflating the error ra 
responses in this category. k m 

An S's tendency to correct his eo ae 
parently extends beyond overt error "Post 
tions, to all other posterror responses. Po 
error responses that fail to correct an er oo 
slower than any other responses (Burns, 968b) 
Rabbitt, 1966; 1967 ; 1968b). Rabbitt (1 ati 
suggested that “Ss are inhibited from ree re 
a response which they have just discov = tasa 
be wrong [p. 184]" In the present IS sider- 
posterror repetition responses were aun the 
ably slower than other responses in all bu 
fastest performance for one S. that 

In addition to this indirect evidence c 
error corrections distorted Ss’ posterror Pid 
formance in the IS tas , one phenomena mae 
clearly indicate that both Ss did some ri 
insert “extra” responses, particularly b y 
they attempted to perform most Pur j 
Each S$ occasionally remarked that the - the 
back display, automatically triggered bY ter 
final (fifth) response, occurred too soon—@ “his 
what he believed was his fourth response. inad) 
would happen if S made an (uniten oa 
extra response somewhere in the series, ries a 
detecting that he had done so. m skip? 
detects making an error correction a rui 
the next stimulus, the standard serial R sonse 
records each subsequent response as a renies 
to the stimulus one position ahead in the $ 
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CONDITIONED INHIBITION OF THE RABBIT'S 
NICTITATING MEMBRANE RESPONSE ! 


HORACE G. MARCHANT, III, FREDERICK W. MIS, 
AND JOHN W. MOORE? 


University of Massachuselts, Amherst 


Albino rabbits received Pavlovian conditioned inhibition training of their 
nictitating membrane response to a light (CS 4-) and the same light plusa pure 


tone (CS —). The results of summation and retardation tests, 


in comparison 


with pseudo-conditioned inhibition controls, indicated that the tone acquired 
inhibitory properties as a function of conditioned inhibition training. 


In Pavlov's (1927) conditioned inhibition 
paradigm, a conditioned response (CR) 1S 
established to two separate and distinct 
stimuli, CS, and CS}. This is followed by a 
special kind of differential conditioning in 
which CS; continues to be reinforced while 
à compound consisting of CS; and a third 
stimulus, CS;, is not. The S gradually 
forms the appropriate discrimination be- 
tween CS; and the compound. One test of 
the acquired inhibitory properties of CS, 
(summation) consists of presenting it to- 
gether with CS, and assessing CR suppres- 
sion relative to suitable controls. Present- 
ing CS; with CS, is essential if one is to 
conclude that CS, has acquired inhibitory 
Properties of its own and not merely as 
part of a compound or gestalt with CS, 
Another test of the inhibitory properties of 
CS; (retardation) consists of determining 
whether subsequent excitatory conditioning 
to this stimulus is impeded as a consequence 
of conditioned inhibition training. 

Rescorla (1969) has detailed criteria 
which must be met before it can be asserted 
that a given training procedure (e.g., simple 
differential conditioning, conditioned in- 
hibition training) results in an inhibitory 
CS. First, it must be demonstrated that 
Systematic nonreinforcement produces a CS 
with properties Opposite in direction to 
those produced by systematic reinforce- 


ment. Thus, following conditioned inhibi- 
— aa 

! This research was Supported by National Science 
Foundation Grant GB 24557. 

* Requests for reprints should be 
Moore, Middlesex House, 
chology, University of M 
Massachusetts 01002. 


sent to John W. 
Department of Psy- 
assachusetts, Amherst, 


; d 
tion training, the addition of the reinfo sa 
CS (CS) to CS, should produce an inc A 
in the likelihood of a CR in a somm [- 
test compared with CS; alone. The 4 site 
tion of CS; to CS; should have the oppoeq 
effect of lowering the likelihood of a out 
relative to CS: alone. Rescorla points js 
that the latter result, while necessary oy 
not sufficient for establishing an inhibi 
role of CS, It is essential in additio". 
rule out the possibility that the suppre mo 
effect of CS; in combination with aio 
not merely a consequence of general! othe" 
decrement, attention shift, or some 
factor related to the novelty of the ying 
compound. As one step toward gen in 
this criterion, the present experim®’ qe 
cluded control animals which receive ion 
same treatment as conditioned inhi were 
animals except the UCS occurrences "ime 
uncorrelated with trial type during aibi- 
training phase (pseudo-conditioned sition 
tion). A retardation test in reac th? 
provided an additional check age corn 
attention-shift factor : Following Re mi ient 
argument, a CS; which is suficien, d ind 
to distract S's attention from © sa o 
summation test, thereby product now 
pression of the CR to the conp propi 
reacquire its initial excitatory if C 


test 


i 
-her han ^ 
quite rapidly. On the other deci us © 
ee «ties; 
does possess inhibitory etg T 
acquisition should be retarded. jis 


a 
jis” 
" ostab ): 
ditioned inhibition paradigm oc 190? 
conditioned inhibitor (cf. Res 
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CONDITIONED INHIBITION IN THE RABBIT 


it seeme i j 

py ned desirable to subject conditioned 
din ition in the rabbit eye-blink prepara- 
m is stringent analysis dictated by 
Ne criteria set down in ing 
discussion. uii 


METHOD 


Ee anà apparatus.—The Ss were 27 naive 
detailed * its weighing approximately 2 kg. A 
elsewhere eae n of the apparatus is available 
riefly eg. O'Malley, Hupka & Moore, 1969). 
in individ, to four animals were run concurrently 
es i od ventilated and sound-proofed file 
OXes like dem rabbit. was restrained in Plexiglas 
Polentis those described by Gormezano (1966). 
by a ES Todd mounted on S's head was connected 
loop Sütu metal hook and silk thread to a nylon 
right ae E into the nictitating membrane of the 
i ina i ? lovement of the membrane resulted in 
Tass SD. which was amplified and recorded on a 
ms Fur ee The UCS was an ac shock 

Wo stain] m 50-msec. duration delivered through 
€lectrode ‘ess-steel wound clip (Clay Adams, 9-mm.) 
Tegion BE pened to the skin of the infraorbital 
k Wer $ 10 right eye. No eyelid retractors of any 
J ( employed. Conditioned stimuli were as 

: Sec.) Eg CS, was either the onset or offset (for 
behind ¢ two 4.5-v. incandescent lights mounted 
Side by Wo translucent white plastic screens located 
Was a side directly in front of the animal; (b) CS: 
a .5-sec. burst of white noise at 86 db. SPL; 

a Was a ,5-sec. tone of 1,200 Hz. and 84 db. 
n m overa speaker located directly in front of S. 
msec, orced trials, the UCS overlapped the final 

S sec E the CS so that the CS-UCS interval was 
de ecti onditioned responses were defined as 1-mm. 
indica ens of the oscillograph pen in the direction 
less t ng extension of the nictitating membrane of 
in A 1 mm. and occurring within the CS-UCS 


Di 
rabbie” and initial conditioning: —A total of 20 
7 Sery received conditioned inhibition training, and 
Por i as pseudo-conditioned inhibition controls. 
of ligi of the former and 3 of the latter, CS: consisted 
anales, offset rather than light onset. Subsequent 

sis indicated that this variation was not related 
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uo the outcome of the experiment. In the present 
expert, Sy a well as and CS eee 
Soa an initial acquisition phase. The purpose 
DAE EA e 
SE ERE SU e k unconditioned or latent 
1959) bas MES CS: (Cubaw PN OM 

* quently, retardation was assessed in 
terms of reacquisition. 

All rabbits were habituated to the apparatus for a 
period of 15 min. Conditioning sessions of 99 or 100 
trials (depending. upon whether two or three CSs 
were being conditioned on that session) began on the 
next day, with each rabbit receiving reinforced pair- 
ings of each CS (presented separately) with the 
UCS in an unsystematic order. The intertrial inter- 
val in this and all subsequent phases of the experi- 
ment was a constant 40 sec. Daily conditioning 
sessions continued until each animal attained a level 
of at least 80% level within this time, but the cri- 
terion was not rigidly adhered to in the case of this 
stimulus in view of the fact that it woul i 
to be reinforced in the next stage of training. The 
mean number of initial conditioning sessions was 
4.3 for conditioned inhibition Ss and 4.4 for control 
animals. The experimental design is summarized 
in Table 1. 

Conditioned inhibition training.—Conditioned in- 
hibition training for the experimental Ss consisted 
of seven daily sessions of 100 trials: 50 reinforced 
trials to CS alone and 50 nonreinforced presentations 
of the compound CS, plus CS; The two trial types 
were unsystematically alternated. The control Ss 
received the same number and sequence of CS pre- 
sentations, but each trial type was reinforced only 
half of the time according to a random schedule. 

Summation testing —On the day following the 
final day of conditioned inhibition training, all Ss 
were given 17 nonreinforced presentations of each 
of the following six CS combinations: (a) CS; alone, 
(b) CS; alone, (c) CS: alone, (d) CS: plus CS, 
(e) CS: plus CS, and (f) CS: plus CS:. 'These were 
presented in an unsystematic order, for a total of 102 
trials per day for 3 successive days. 

Reacquisition.—Following summation testing, all 
rabbits were given daily conditioning sessions (99 
trials/day) to each of the three CSs (33 trials) until 
the 8095 CR criterion to CS; was attained. 


TABLE 1 


Summary OF EXP 


ERIMENTAL DESIGN AND PROCEDURE 


Phase 2: 7 days 


Phase 3: 3 days Phase 4: 1-3 days 


Group Phase 1: 3-6 days 
Quer - 
Snditioned inhibition ct "m CSc CSF 
2 1 3) — S+ 
c CS:+ CSs+ 
Ontrol E y cece 
cs CS CS,— (CS: & CS) — 
CS: (cs eC) | CS (CS: & CS) — et 
CS3+ CSs— (CS; & CS») — CSF 


den 


uli are denoted by plus (+) signs; nonreinforced stimuli are 


Note, —Li. 3 
ond Ls hight = CSi; noise = CSa; tone = CS: Reinforced gip « 
us.) sanie Cos roned inhibition groups, s = 20; for the control group, g 
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TABLE 2 


MEAN PERCENTAGE OF CONDITIONED RESPONSES 
(CRs) ro Eacu Test STIMULUS DURING SUMMA- 
TION TESTING 


| Test stimulus 


Group CS: | cs | | CS: 
CS: | plus | CS; | plus | CS: | plus 
CSa CS: | CS; 
Conditioned | 58 | 40 | 18 | 59 | 33 |31 
inhibition 
Control | 34 | s7 | 34 | 62 | 4) 44 
1 | 


RESULTs AND Discussion 


Differential conditioning—As a conse- 
quence of pretraining, mean levels of con- 
ditioned responding to CS; and the CS, plus 
CS; compound were initially high: 8476 and 
90% CRs on the first day of conditioned 
inhibition training, respectively. Respond- 
ing to CS, remained high, averaging 87% 
CRs over the last 3 days, whereas respond- 
ing to the compound. decreased progres- 
sively to an average of 63% CRs for the last 
3 days of conditioned inhibition training. 
By contrast, the corresponding mean CR 
rates for the control group averaged over 
the last 3 days of pseudo-conditioned in- 
hibition training were 84% to CS; alone and 
97% to CS, plug CS. A second-order 
difference / test indicated that the dif- 
ferential in CR frequency between CS, 
and CS, plus CS;, pooled over the last 
3 days, was significantly different for 
conditioned inhibition and control animals, 
t (25) = 3.18, p < 01. It is therefore evi- 
dent that the compound CS acquired re- 
Sponse-suppressive properties for condi- 
tioned inhibition Ss as à consequence of 
Systematic nonreinforcement. 

Summation testing. —T, 
the results of summati 
entry is the me 
each test stimulu 
Considering 
hibition 


able 2 summarizes 
on testing. Each 


ant contrasts 
nd CS, alone 
Ss plus CS, and CS, alone. 
As a conditioned excitator, CS, was ex- 
pected to increase the likelihood of a CR 
when combined with CS. in comparison 
with CS, alone. This result was obtained 
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and was significant, sign test, p < oe 
Conversely, responding to the combina A 
of CS, plus CS. should have exceeded E. 
sponding to CS; alone as well, but this e 
not the case. The failure to observe ee 
tatory summation with respect to n 
probably due to the comparatively x 
level of responding to CS; alone (58%); ? by 
any further increment in CR strength. ; 
the addition of CS, would have been 78) 
cult to achieve. Hull's (1943, p. WE 
principle of physiological addition an Rs 
pated this problem by postulating a Ly 
diminishing returns for stimulus mu 
tion. By contrast, excitatory soruma à 
of CS, plus CS, with respect to hoth me 
and CS, alone appears to have held ; 
control Ss. In this case, responding to z 
alone was low enough (34%) for the su! i 
mation effect to emerge, sign test, P 7 * ao 
Given these arguments, it appears pr. 
able to conclude that the observed ei j 
ence in responding to CS; plus CS; and vas 
alone by conditioned inhibition animals M. 
à valid instance of excitatory summat! 

The acquired inhibitory proper te 1 
CS; for conditioned inhibition anima" 
indicated by the decrease in responding: , 
CS: produced by the addition of CS» ine 
test, p < .002. The validity of c] by 
hibitory summation effect is supporter in 
a second-order difference ¢ test contrast! D 
the differential in responding between aibi- 
and CS, plus CS, of the conditioned 1" ouf 
tion group with that of the control VEU " 
t (25) = 3.50, p < .01. This compa 
provides the most compelling evite 
inhibitory summation because the se was 
responding to CS, in the two groulo, for 
Practically identical (43% and 4 rou p? 
conditioned inhibition and control k cleat 
respectively). For this reason, p erent? 
that the significant second-order € suppe 
was the result of greater responi” a Pho 
sion produced by the addition © grouP 
CS» in the conditioned inhibition IET) 
Had the base lines in the two di 


E P 
„spondi! 
preciably, differences between — crout? 
CS: and CS, plus CS; in the terpe 
might have proved difficult Et x Co 
The finding that the addition of € dd 


ea 
P rhereas the * 
resulted in suppression, wher 
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res to CS, produced enhancement, 
conditioned. inhibi penal m af 
corla (1969). hibition proposed by Res- 
eed function of CS; for con- 
« tn ARN is also supported by the 

S eo evel of responding to CS, plus 
p< ere with CS, alone, sign test, 
differenti; 1 T'his result indicates that the 
two tr: uam conditioned responding to the 
tinction tree CSs carried over into the ex- 

n test phase. 

-s in the control a na ; 1 pond single 
tically sienifice group, while not statis- 
quired « gnificant, suggests that CS; ac- 
e Sn excitatory Tancian ama resalt.el 
Which cer a inhibition training in 
of the ew stimulus was reinforced on half 

rials. 

inhibi d tion. —Maving demonstrated an 
Sumed 3 summation effect for the pre- 
Mary auinen inhibitor CSs, the pri- 
aASSess ! is pair of a retardation test Is to 
‘sl Pagar of the attention-shilt 
the Penta of summation presented in 
of e roduction. The mean percentages 
GS. pm the first day of reacquisition to 
conditi ex and C S; were 75, 90, and 96 for 
and p: sag inhibition animals and 89, 83, 
tion for control Ss, suggesting retarda- 
Assesse, Retardation of reacquisition was 
in it by a second-order difference test 
feed the differential in responding be- 
tion r reel and CS; for conditioned inhibi- 
rou i bbits was contrasted with the control 
Perce , # (25) = 2.05, p <.05. The mean 
last tage of CRs to CS; and CS; on the 
= extinction test day were 32% and 17% 
as inhibition rabbits and 30% 
dig 1% for controls. Since the two groups 

Pis differ appreciably at this stage, the 
Hine retardation of reacquisition of CS; 

ative to CS, would appear to be a genuine 
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instance of retardation and not merely carry 
over from extinction. i 

A second-order difference test contrasting 
responding to CS; in relation to CS; for 
conditioned inhibition and control groups 
also indicated significant retardation, / (25) 
= 2.34, p «.05. However, this effect 
could have been due, at least partially, to 
a carry-over from the last day of extinction 
in which the conditioned inhibition group 
gave 58% CRs to CS; against 28% for the 
control group. 

CONCLUSION 


Differential conditioning in Pavlov's (1927) 
conditioned inhibition paradigm resulted in a 
CS which met all criteria of inhibition outlined 
by Rescorla (1969) : (a) Its effect was opposite 
in direction to a conditioned excitator in the 
summation test. (b) Comparison with pseudo- 
conditioned inhibition controls and the ob- 
served retardation of reacquisition essentially 
eliminates an interpretation of the summation 
results in terms of "attention-shift" or other 
factors not related to conditioned inhibition 
training. 
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PROACTIVE INTERFERENCE I? 


SHORT-TERM RECOGNITION 


AND RECALL MEMORY 1 


WILLIAM M. PETRUSIC? anp RICHARD F. DILLON 


Carleton. University 


The rates of proactive interference (PI) buildup under recall and two recogni- 


tion memory test conditions were comp: 


for 135 Ss. 


distractors, and lowest for Ss who h 


The accumulation of proactive interfer- 
ence (PI) over the first few trials in the 
Brown-Peterson paradigm is well estab- 
lished (e.g., Keppel & Underwood, 1962; 
Murdock, 1961 ; Wickens, 1970). However, 
it is not known whether PI is prese 
the Brown-Peterson situ 
ory is tested using a recognition measure. 
Hawkins, Pardo, and Cox (1972) tested 
recognition on Trial 2 following recall on 
Trial 1. While Hawkins et al. demon- 
Strated that recognition following recall 
Was poorer than recognition on the first 
trial, they did not demonstrate that PI 
develops while using a recognition test pro- 
cedure. Thus, the first purpose of this 
study was to compare the rates of increase 
in PI over the first few trials under recall 
and recognition memory test conditions, 

A second Purpose was to determine the 
effect of two types of distractors on short- 
term recognition. Two recognition pro- 
cedures which required Ss to select three 
target items from among three distractors, 


all from the same encoding class, were used. 
eae 


nt in 
ation when mem- 
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ared over four Brown-Peterson trials 


Whether the distractors were previous targets or new words from 
the same encoding class as the targets did not influence recognition pei 
Although uncorrected performance under both recognition cond 
better than under recall, there was significant PI in 
rates of PI buildup over trials were the same. 
recognition on "Trial 5 after recall on Tr 
to 5s tested for recognition on all five trials. 

was best for the group maintained on recall 


rformance. 
itions was 
all conditions, and the 
When Ss were shifted to 
» performance was comparable 
For recall on Trial 5, performance 
, lower for Ss who had seen old 


Is 1-4 


ad seen new distractors, 


Distractors for one recognition procedu 
were targets from the immediately preni 
ing trial, while distractors for the nd 
recognition procedure were previously p 
used words. From what is known abe; 
PI using a recall measure and from 
Hawkins et al. (1972) results, little ew 
should occur in the condition with "ith 
distractors, more PI in the condition b. 
old distractors, and the most PI sho! 
occur with a recall measure. $ „was 

The third purpose of the experiment ory 
to test memory using the three mem 5 
test procedures after PI had reach e 
stable level under each test proce tate 
By allowing PI to achieve a steady Sa i 
and then either shifting to another mem me 
test procedure or Maintaining the s 
test procedure, it should be possible 
examine the relative independence E e 
from previous test history. For pe a 
while memory might be good e b 
recognition procedure and there mig level 
no evidence of PI, what would ro 
of memory be if a recall test proc dul 
were introduced? Would PI develop tf 
ing recognition trials, but mani othe" 
only with a recall test? On ket. a 
hand, would PI, accumulated E^. 
series of recall trials, dissipate if a r°% 5 
tion test is introduced? 3 
bue is similar to:a PL Seem 
is, in many respects, simi vith rele; 
situation (e.g., Wickens, 1970) : x cha”? 
(or failure to release) due not to 4 


on 
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PROACTIVE INTERFERENCE IN SHORT-TERM MEMORY 


in i 
= peat material, but rather to a change 
€ type of memory test condition. 


METHOD 


Subjec 

ing He PS hundeed thirty-five persons attend- 

ittario EU gos Exhibition in Ottawa, 

Ment, They eered without pay for the experi- 
if they ay were attracted by a sign which asked 
requested s 9 two things at once,” and which 

inking,” TI p help with our research on 
ecause of c 2d lata from 8 Ss were discarded 
Were run nde in procedure, and additional Ss 
with a mean kere were 66 males and 69 females, 
rom 17, the age of 24.2 yr. (s = 9.8 yr.), ra ging 
three ee minimum accepted, to 71 yr. Sixty- 

Were house high school or university students, 11 
among og cd and the remainder were distributed 

Recel other occupations. 
ber thre maleria: —T he Ss were required to remem- 
trig T visually presented words on each of five 
k ot words taken from the Heise (1965) 

Thee es recall items for the experimental 
" tec id were scaled as moderate to 
5 near to 4 2 ive on the evaluative dimension and 
'Mensio, Hero as possible on the other two Osgood 
T€ pres ns. The triads formed from these words 

rte in Table 1. 

r Hid material.—While trying to remem- 
m Eee words, Ss were required to perform a 
ee siig task. Randomly selected one- 
WS ser igit numbers arranged in 4 Columns x5 
i DAN as distractor material. When one o 
Umber actor slides appeared, S read the upper-left 
Tinea out loud, classified it as high (50 or above) 

(below 50) and as odd or even. The S then 

Classi down the left column and continued to 
igh Y numbers down the columns from left to 
No 6 Instructions emphasized speed and accuracy. 
uring Ao able to complete all of the numbers 
he 16 sec. allotted for each 


digit i trial. The 17 
for all RES for 17 trials appeared in the same order 


M : 
.-“emory test conditions.—U pon completion of the 


d RUN task, Ss were tested for retention of the 
T der, Words using one of three procedures. In the 
rei recall procedure, 5 had to retrieve the three 
i his items and write them in the correct order. 
Mark, Procedure was followed when three question 

S appeared on the screen during the test 


TABLE 1 


OnprnED Trrap SETS WHICH SERVED 
AS RECALL ITEMS 


Set 1 Set 2 


impossible lost danger 
throw missing cut 
enemy bad refuse 
court thing hate 
problem fell worry 


back quit disease 

t Dt trouble out 
errible foreign cost 
ear burn take 
Shoot difficult break 
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interval. In both recognition conditions, the three 
cote cera Nene AER d were pre- 
array of 2 Columns x3 k > s us ster) ima 

ray e 3 Rows. The Ss were re- 
quired to select the correct items and write them 
XM umi ida the forced-choice recogni- 
select and order the esie pide OR x D is? 

face t s when the distrac- 
tors were the three retention items from the im- 
mediately preceding trial. In the other forced- 
choice recognition condition, the distractors were 
new (ND); ie, they were words which had not 
appeared in previous trials. The set of words that 
were not being remembered was used as a set of 
distractors for the ND condition. 

Experimental design.—The factorial combination 
of the three memory test conditions on the first four 
trials with the test conditions on the fifth trial 
resulted in nine conditions assigned to nine different 
groups of Ss. On the first four trials, one-third of 
the Ss used the recall procedure one-third used ND, 
and one-third used OD. On Trial 5, these groups 
were further subdivided so that one-third of each 
group used one of the three memory test procedures. 
In this way, Trial 5 performance was assessed under 
each of the three memory test procedures following 
four trials under each procedure. Each S experi- 
enced five different word triads on the five trials. 
Five orders of assignment of word triads to trials 
were used so that each triad occurred once on each 
trial over five Ss. A complete replication consisted 
of five Ss in each of nine groups. Three replica- 


which differed in the sets used as recall items 
d distractors in the 


tions, 
and the positions of targets an 
, were used. 


recognition ar 

Apparatus.—| structions were played on a cas- 
sette tape recorder. Important aspects of the task 
were illustrated on cards which E showed to S at 
the appropriate time during the instruction period. 
Materials were visually presented by a Kodak 
Ektagraphic slide projector driven by a Sony stereo 
tape recorder working through a Kodak Sound 
Synchronizer. Pulses for the recording were pro- 
vided by electronic timing equipment. A tone was 
provided by a Mallory Sonalert, also operated by 
the timing equipment, and played back on the 
second stereo channel through a speaker. 

The experiment was run in one room of a trailer 
parked on a relatively quiet section of the main 
concourse of the Central Canada Exhibition. An- 
other experiment was run concurrently in the second 
room of the trailer. Noise from the other room and 
from crowds outside the trailer was audible, but 
generally was not understandable. The equipment 
and an exhaust fan provided the dominant noise 
and had the beneficial effect of partially masking 
more potentially distracting noises. There was no 
indication that Ss were distracted from their tale 
and it is unlikely that the detectable noise derum 
tially influenced the results obtained. "d 

Mie he instructions, S had eight trials 

of practice on the interpolated digit classification 

task alone. This was followed by f 

trials which illustrated tl y four Cope 
a ated the recall procedure (Practice 
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Trials 1 and 3) and ND recognition 
(Trials 2 and 4) using consonant triads 
material. R 

All experimental trials began with a brief tone 
sounding and three asterisks appearing on the 
Screen for 2 sec. The recall items were then shown 
for 1.2 sec. while .S read them aloud. The digit 
slide appeared for 16 sec. while S performed as 
many number classifications as possible. As soon 
as the digit slide was removed the tone sounded and 
one of the three types of memory test slides ap- 
peared for 15 sec, During the test interval, S 
recorded his answers on one page of a mimeographed 
booklet. A tone sounded and the question marks 
or recognition array were removed from the screen 
at the end of the test interval. A 4-sec. interval, 
in which 5 turned the page with his answers under 
the booklet, followed the test interval. 


procedure 
as recall 


RESULTS 


An item recalled was scored as correct if 
it was the correct item or an obvious mis- 
spelling of the correct item, Although Ss 
Were requested to name three words on 
every trial, guessing if necessary, there 
were 13% omissions for the recall condition, 
3% for the ND condition, and 1% for the 
OD condition, 

Preshift trials. —All dependent measures 
Were subjected to analyses of variance 
With memory test conditions and replica- 
tions as between-S variables and Trials 1-4 
as a within-S variable, 

The dependent measures analyzed were 
(a) item Scores, the number of words re- 
tained on each trial regardless of their 
Serial position ; (b) order Scores, the number 

i Orrect serial posi- 
tion; (c) a Measure which adds item and 
order scores (Wright, 1967); and (d) an 
index identical to item scores except that 
1 point is added to the item score if the 
Words are all in the correct serial position, 
In addition, because there 
geneity of variance for item Scores, a trans- 
formation Was performed using the pro- 
cedure described by Mendenhall (1968, 
P. 207) All item scores were subtracted 
from 3 to obtain forgetting Scores, and the 
meàns were plotted against 
Fitting a Power function to th 
indicated that each forgetting score should 
be raised to the Power. The same 
pattern of means, Significant F ratios, and 
individual comparisons were found for item 


was hetero- 


variances, 
ese values 
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MEAN NUMBER 
WORDS RECALLED 
N 


A 


ES 
m 
[9] 
D> 
L- 
p 


TRIALS 


rd- 
ained regat. 
Mean number of words retained 


Fie. 1, i id dis- 
less of order for recall, recognition with. o! actors 
tractors (OD), and recognition with new geien Ss 
(ND). (Each point for Trials 1-4 is based 2) 
and cach point for Trial 5 is based on 15 SS. 


raght 
Scores, transformed item scores, the le 
(1967) index and the short-term- moi 
(STM) index, while results for order d for 
were different. Results are presente 
item and order scores. amory 

Mean item scores for the three DE are 
test conditions over the first four tria 
shown in Fig. 1. 

Planned orthogonal comparisons re 
that the difference between Cond. N 105 
OD was not significant, F (1, 126) ~ recall 
P > .10, while the difference between ma y 
and the average of ND and oD wargi 
(1, 126) = 49.53, p < .001. TE e 
effect, when tested with perpe ig 
grees of freedom (Kirk, 1968), 001. 4 
nificant, F (1, 126) = 13.70, p < al anc 

The significant main effects " tri di- 
conditions and the failure of | sig 
tions X Trials interaction to vey power”! 
nificance with substantial eem hen 
F (6, 378) = 1.40, p > .20, taken ed Ove 
indicate that forgetting increas : ition” 
trials in the recognition-memory tes simil?" 
and that the rates of increase w M Diff" 
for Cond. ND, OD, and dh. d e 
ences between recall and E e hr 
curred on the first trial, but 


TES ONE ET DECR OI TT re tne ee EET TA S a 


PROACTIVE INTERFERENCE IN SHORT-TERM MEMORY 


Move ins When recognition scores 
wae pA by ae traditional method 
ties die 4 » P- 342) for guessing, the 
Be cach en ecame even closer to parallel- 
ES jer and the superiority of recog- 
v torecall wasattenuated considerably. 
the Pi were reliable differences among 
b "ree replications, F (2, 126) = 3.18, 
Er with a mean of 2.40 and 2.52 
B rum from Set 1 and 2.20 words 
i rom Set 2. 
oneal distinction between Cond. OD 
Tb ene m Trial 1 is meaningless because 
D TEM used exactly the same test 
analyses obe A arrays, additional 
taw and o Variance were performed on 
conditio transformed item scores using 
Variables " replications, and Trials 2-4 as 
E Results for both types of scores 
analysin entielly the same as the previous 
. or untransformed item scores, 


le oes t el 
| tri, rement in item availability over 
a 


" 
| 

ro n imi i 
| Procedures showed similar relative decre- 


test Was not significant by conservative 
Wag 2 (1, 126) = 3.70, .05 < p < .10, but 


of p '8nificant with conventional degrees 


p edom. When transformed scores 
Solve, examined, this ambiguity was re- 
| by 5 Since the decrement was significant 
J The Cth tests, F (1, 126) = 4.16, p < .05. 
Not si rials X Conditions interaction was 
Ris a Snificant, F (4, 252) = 1.14, p > .30, 
nal transformed scores. Planned orthog- 
“cae get revealed that the two 
MEISTEN ition conditions did not differ from 
b b! Other, F (1, 126) = 2.54, p> .10, 
Dien nat the two recognition conditions 
itio com bined differed from the recall con- 
n, F (1, 126) — 42.75, p « .001. 

Analysis of variance of order scores for 
'als 1-4 revealed only a significant trials 
NS by conservative test, F (1, 126) = 

| did pe P < .001. Memory test conditions 
(F not differ significantly in ordered recall 
dita 1) in spite of the fact that items were 
itio entially available for the three con- 
ble ees Since there were less items availa- 
Speck the recall condition, it might be 
the Tes that there would be less items in 
This coo intratriad position for recall. 
hat vas not the case since, of the words 
Were available, more were retained in 


_ 100 
S- 
= 
E, 
m 90 
< 
= 
=< g 
< 
= 
e SU 
E 
E Oe ND Osc: o 
a 60 Gis----90D 
a. 4———A RECALL 
1 2 3 4 
TRIALS 
Fic. 2. Probabilities of retaining correct position 


information for items that were available. 


the correct position for the recall condition 
than for the recognition conditions. Figure 
2 shows the probability that a word was 
retained in the correct position, given that 
it was available. These probabilities were 
obtained by dividing the total number of 
words in the correct position by the total 
number of words available over all Ss. 
The conditional probabilities for the recall 
condition are sufficiently higher than for 
the recognition conditions to offset the 
lower availability of words. Figure 2 also 
shows that, even when items were available, 
there was a decrease in position informa- 
tion over the first four trials. 

Shift trials —Analyses of variance were 
performed on all dependent measures with 
the nine Trial 5 conditions and replications 
as between-S variables and Trials 4 and 5 
as a within-S variable. The main effect of 
item scores for the nine conditions shown 
in Fig. 1 was significant, F (8, 108) = 5.39, 
p < .001, and these conditions interacted 
significantly with trials, F (8, 108) = 7.80, 
p «.001. There were no other significant 
effects. Tests for differences using the 
Newman-Keuls procedure with a = .05 
were made among means for the nine con- 
ditions on Trial 5. Performance on the 
OD and ND conditions on Trial 5 was 


=. 
ac 
"d - 
independent of the memory test conditions 
on Trials 1-4 from which they had been 
shifted. No significant differences were 
found among the three OD and the three 
ND conditions on Trial 5 and the three 
OD conditions did not differ from the ND 
conditions. o 
Performance for recall on Trial 5 did 
depend upon the test condition experienced 
on Trials 1-4. Trial 4 and 5 performance 
did not differ for the recall condition. 
When recall followed Cond. ND, recall 
performance was significantly worse (.87 
items recalled) than when recall followed 
recall (1.80 items recalled), but this dif- 
ference must be interpreted with caution 
since it did not attain significance when 
transformed scores were analyzed, nor with 
a more conservative Scheffé test. Although 
recall following Cond. OD (1.33 items 
recalled) was lower than under continuous 
recall, this difference was not significant. 
Means for the two recall groups shifted to 
recall from recognition differed significantly 
from the means for all recognition groups 
on Trial 5, while performance of the group 
maintained on recall did not differ sig- 
nificantly from any recognition conditions 
on Trial 5, However, comparable differ- 
ences between recall and recognition on 


Trial 4 were significant with 45 Ss in each 
group. 


As would be ex 
on preshift trials, 
not differ among 


pected from performance 
Trial 5 order scores did 
any of the nine condi- 
tions. The only significant effect was due 
to replications, 7 (2, 108), = 4.79, P«.05, 
Mean number of words retained for the 
two replications which used recall items 
from Set 1 were 1.46 and 1.80, while 1.28 
words were remembered for the replication 
Which used Set 2, 


The conditional probabilities of retaining 


words in the correct Position given that 
they were available were based on so few 
words available on Trial 5 that they were 


unstable and no Systematic results were 
obtained. 


Discussiox 


For all three me 


Mory test con 
was a loss of ite 


ditions, there 
m availability 


and, in addition, 
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a loss of order information over trials. ad 
ditional probabilities for position qe the 
comparable to those presented here M. 
recall condition have been found in da Bolte] 
other experiments in our laboratory. 1 that 
(1892) and McNicol (1970) have aigue ku. 
order/position information is lost taste Saal 
item availability. Murdock and vora 
(1967) have suggested that item aval formas 
depends to some extent on position Es y 13 
tion. The nature of such a dps 
complex because the loss of position 1n de 
tion shown in Fig. 2 is based only on 
that were available. in the two 
Proactive interference developed in did not 
recognition conditions at a rate which gr 
differ reliably from the rate for e for 
condition. Any commonly used Cor n puildup 
guessing would make the rates of PI nition. 
even more similar for recall and recog (ef 
Contrary to the results of many pes irjal 
Wickens, 1970) performance on the aren 
for the recall condition was less than E 
Studies that find less than perfect de 
the first trial are now beginning to apP' 
the literature (e.g., Baddeley i 
Goggin & Wickens, 1971). The low 
recall on the initial trial is in-oppositio! E 
view that PI is the only or even the mal. diem 
of forgetting in the Brown-Peterson [^ possibly 
The short presentation time could | but 


erst trial, ' 
account for poor recall on the first first 


| were 


cause 


conditions over 

probably not unique to a short pres esent? 
time, although, obviously, very long PEE cece 
tions would result in little forgettine n 
Were surprised by the short presenta ; 
had trouble encoding words on Tr repa j 
seems likely that they would be pe sequent 
for the short presentation time on $ effort 10. 
trials and would make a greater encoding 
encode them. If this happened, te ced In 
would be better over trials, not s mance TN 
Short, it seems likely that poor pecori upo” H 
Trial 1 is, to some extent, depend I js not a j 
short presentation time, but CREE ies 
artifact of the short presentation dera 

Hawkins et al. (1972), using serab RA 
procedures which differed cons iflerence E 
those reported here, found a ora dw! A 
tween recognition with old distrac nt, recog” 4 
new distractors. In their a sem a wa 
tion on Trial 2 following recall an " with ° 
better with new distractors tha 
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distractors. In view of these results and in 
view of the theoretical explanation for PI 
offered by Keppel and Underwood (1962), it 
was surprising that recognition performance 
did not differ reliably for the two types of 
distractors. According to the Keppel and 
Underwood explanation of PI, the recognition 
array for Cond. OD provided the most potent 
Source of interference, previous items and 
present items mixed together during the 
memory test period. The difference in per- 
formance on Cond. OD and ND on Trial 1 is 
an artifact, since the two conditions were 
exactly the same there, and this difference 
was maintained for the next two trials. On 
Trials 4 and 5, performance on Cond. ND 
| and OD did not differ. Furthermore, perfor- 
‘mance for Cond. ND, where the presumably 
Competing responses were explicit, was sub- 
Stantially better than for recall, where pre- 
sumably the same competing responses were 
implicit. The sizable difference in perfor- 
, mance between recall and Cond. OD on Trial 
4 together with the failure to find a significant 
difference between Cond. OD and ND question 
the importance of competition from previous 
trials at the time of retention test as a source 
of forgetting in the Brown-Peterson situation. 
"here is support for this conclusion if the 
Commonly held view that a recognition pro- 
| cedure bypasses retrieval processes (Kintsch, 
1970; McCormack, 1972) is true. Proactive in 
hibition, according to Keppel and Underwood 
(1962), is presumably a retrieval phenomenon 
The demonstration of PI in recognition mem- 
Gry suggests that PI takes place at encoding 
and/or storage rather than at retrieval. ; 
I" general, performance on the shift iat 
| did not depend on preshift test conditions. 
*rformance on four trials under the cecal 
Condition did not lower recognition on Trial 5. 
Similarly the high level of performance under 
the k^? the hig Bae ee he first four 
he two recognition conditions for the 
trials diq not raise the level of recall perfor- 
mance on Trial s, Recall following recognition 
ee at least as poor as, and perhaps dn 
an, recall following recall. The demo 
tion g :H and the 
Of PI under all test conditions 2 p 
relative į PI from previous test 
re € independence of PI! sults. Cer- 
ry is consistent with other re : 
Mak (1970), in a design similar to this d 
tried intertrial interval and found ie dodi 
: lat interval but was not ! vious trials. 
"8th of intertrial interval on pae rson situa- 
; Seems that PI in the Bravo vie previous 
?n depends upon the presence 


ienced by the | 
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trials for forgetting, but the nature of those 
trials, other than the type of recall material, is 
unimportant. 

The results for recall on the shift trial are 
dificult to interpret in view of the dramatic 
results with small samples. One possibility— 
implicit in the previous conclusion that Trial 
5 conditions were independent of preshift test 
conditions—is that the differences are not 
reliable. On the other hand, if the differences 
are real, they could be quite informative. The 
poor recall following recognition could indicate 
that items are not encoded and stored as well 
under recognition conditions (Loftus, 1971). 
Two aspects of the data are not consistent 
with this view. If items are encoded less well 
under recognition test conditions, various 
types of information, e.g., retention of the 
position of words, should get worse over trials 
relative to the recall condition. On Trial 1, 
when Ss did not know which test condition 
would be used, there were differences in posi- 
tion information, but the decrement over 
trials was comparable for recall and recogni- 
tion conditions (see Fig. 2). Furthermore, if 
Ss were encoding better under recall condi- 
tions, the shift to recognition on Trial 5 should 
result in considerably better performance than 
continuous recognition. The ‘overshoots” 
when shifting from recall to recognition are 
considerably smaller than the ‘“undershoots”’ 
when shifting from recognition to recall (see 
Fig. 1). 

Another interpretation is that the different 
overshoots for recall after recognition with 
old and new distractors reflect differences in 
PI which cannot be detected with a recogni- 
tion task, but which have graded detrimental 
effects on recall. The Ss were exposed to 
twice as many items in Cond. ND as in OD. 
The differences on Trial 5 recall may reflect 
differences associated with interference from 
distractor items. This suggests that the oc- 
currence of different items from the same en- 
coding class is potentially a more important 
source of interference than repetitions of previ- 


ous targets. 
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FREE RECALL OF GROUPED WORDS! 


ROSAMOND GIANUTSOS? 


New York University 


Grouped and ungrouped lis 


were presented for free recall. 


Temporal group- 


ing increased recall of only items presented at the end of the list, i.e., short- 
term storage. Contrary to expectations, grouping did not improve long-term 
Storage. The fact that grouping produced a stereotypic order of recall focused 


on re 


G ae 
it ted da interesting not only because 
nique but s pee as a mnemonic tech- 
involved in È so Ra it is intimately 
Mtonational ea, rin the form of intonation. 
accentin -Bronpings (created by pausing 
Processing g) play an important role in 
(OERS remembering verbal stimuli 
Urpose "s , Turner, & Onuska, 1968). The 
9 elucig the present series of studies was 
bering w ate the role of grouping in remem- 
The U ords by using single-trial free recall. 
tained "Shaped serial position. curve ob- 
Site with free recall is viewed as a com- 
le Ue recall for items from the end of 
tate ing determined primarily by the 
recall f „the short-term. store (S TS) and 
the | 9r other items being determined by 
Shimo S term store (LTS) (Atkinson & 
A teda 1968; Glanzer, 1968; Waugh & 

"an, 1965). 

E ipiius studies of rhythmic or temporal 
ied have involved fixed-order recall 
fies Ns such as numbers, letters, and non- 
these Syllables. Ryan (1967) reviewed 
E Studies, However, fixed-order recall 
i two ways a more complex task than 
ae Tecall: (a) It requires order informa- 
re, 5, 8nd (b) it requires a fixed order in 
These factors make it 


Se 


Reali: 
Calling words. 
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ul order as a crucial factor in determining short-term recall. 


difficult to analyze the role of STS and LTS 
processes, as can be done with free recall. 

The previous studies of grouping gen- 
erally found that temporal grouping im- 
proved recall. Ryan (1967) showed that 
this improvement was due primarily to an 
increase in order information rather than 
to an increase in item information. Because 
the recall of order information is not re- 
quired in free recall, the improvement 
found in fixed order recall would not neces- 
sarily be expected in free recall. 


LI 


EXPERIME 


This experiment was designed to deter- 
mine the effects of temporal grouping on 
LTS and STS. Because temporal grouping 
involves the establishment of a rhythm, it 
was hypothesized that overall presentation 
rate might be important. Therefore, total 
list presentation. time was varied from 
14.5 sec. to 24 sec. for 18-word lists. Con- 
trol and experimental lists were equated on 
the basis of total presentation time. How- 
ever, the experimental design also permitted 
comparison of conditions at the same abso- 


lute presentation rate. 


Method. 


Apparatus——A memory drum specially designed 
to receive computer listings was used to present the 
stimuli. All of S’s responses were tape recorded. 
A computer was used to produce all randomizations 
of the stimulus materials for each .S, in addition to 
printing the memory drum "tapes." The same 
used in later experiments, unless 


apparatus wa 
otherwise indicated. 

Subjects —Fifty introductory psychology students 
from New York University participated as a course 
requirement. None had previous experience in a 
free-recall experiment. The Ss from the same source 
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were used in the later experiments, but no S was 
used in more than one of these experiments. 

Materials.—Lists consisted of high-frequency 
(AA, Thorndike & Lorge) monosyllabic nouns. 

Procedure.—KEach S was presented with 12, 18- 
word lists for free recall. The S read the words 
aloud as they appeared. The end of the list was 
indicated by a blank space colored yellow. The 
recall period was 1 min. The two main variables in 
this experiment were total list presentation time and 
temporal grouping of stimulus words. Grouped 
lists had a blank space after every third word. It 
was decided to use groups of 3 words because Ryan 
(1967) found that grouping effects were most marked 
for regular groups of 3. 

Because grouped lists contained blank spaces, it 
was necessary to match grouped and ungrouped 
lists on the basis of total list presentation time. 
The importance of total time has been shown by a 
number of investigators, including Murdock (1960). 
Three presentation times were used: 14.5, 19, and 
24 sec. The time for each word (including time for 
drum advancement) ranged from .6 sec. in the 
grouped 14.5-sec. lists to 1.3 sec. in the ungrouped 
24-sec. lists. The pairs of these conditions were 
also matched for exposure time per item: the un- 
grouped 14.5-sec. and the grouped 19-sec. lists; and 
the ungrouped 19-sec. and the grouped 24-sec. lists. 

Each S was tested individually. He was first 
given two practice lists: an ungrouped 24-sec. list 
followed by a grouped 14. 
mental lists, all six condit 


In the experi- 
ion combinations (2 Levels 
of Grouping X 3 Levels of Presentation Time) were 
represented twice. The presentation order of condi- 
tions was randomized independently for each S, as 
was the assignment of words to lists. 
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assessed by analysis of variance. The 
analysis of the list as a whole was supple- 
mented by separate analyses of the individ- 
ual groups, as detailed by Gianutsos (1970). 

Grouping depressed recall in Group 1 at 
the beginning of the list, F (1, 49) — 7.68, 
and raised recall for the two groups at the 
end of the list, Fs (1, 49) = 23.38 and 
12.52, all ps « .01. These effects offset 
each other so that in the analysis of the 
list as a whole grouping was not significant, 
F (1, 49) = 1.39, p > .05; however, there 
was a significant interaction of grouping 
with serial position, F (17, 833) = 3.77, 
b < .01. The increase in recall in the last 
group was largest for the first item-of the 
group. This interaction (Grouping X Seria 
Position) was significant, P (2, 833) = 7.91, 
p<. OL. 

As for the presentation time variable, 
there was an improvement in recall for the 
slower lists, primarily in the first two thirds 
of the list. In the list as a whole, presenta- 
tion time, F (2, 98) = 7.79, serial position: 
F (17, 833) — 206.46, and their interaction 
F (34, 1,666) 2.02, all ps < .01, were B2) 
significant. These effects were to be E 
pected from previous research (Glanzer * 
Cunitz, 1966; Raymond, 1969). The inter" 


B ation 
Results action reflects the fact that the ame 
E of recall found in slower lists was e 
ee ida of recall—The reliability of pronounced in the first part of the list: 
the differences illustrated in Fig. 1 was In the analyses of the individual grouP® 
i e grouped D $---e guped RS D h 
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Fic. 1. Temporal Grouping 1: Serial us 


lists. (The total presentation tim 
(b) 19 sec. and .8 sec.; and (c) 24 


es and intervals 


TA > agri 
position functions for temporally grouped and ung 


and .6 sect 
between groups were (a) 14.5 sec. and 


sec. and 1.0 sec.) 


— l—— —— ———— 


FREE RECALL OF TEMPORALLY GROUPED WORDS 


ME cud significant interaction with 
p A ion time occurred. This was in 
but tl : fect s ee 
i did É elfect was not a systematic one; 
it is aed in later experiments, and 
BS N ant to the present theoretical 
nr of recall. —Grouping produced a 
cn d predictable order of recall. The 
Were and often the next-to-last group, 
E called in order. "Typically the last 
ke hos recalled first, often followed by 
he ee at group. Less frequently, 
ama, -to-last group would be recalled 

St, followed by the last group. With 


“Un; i è 
“"8rouped lists there was no regular pat- 


epee that, as Deese and Kaufman 
items fe served, recall usually began with 
AY ike rom the last part of the list followed 
hs ems from the beginning. In grouped 
ord ecall began consistently with the first 
Vv (t the last group 83% of the time, 
ike] RR ungrouped lists recall was most 
ist y to begin with the last word in the 

» Which, however, was chosen only 35% 
E „time, reflecting a less consistent 
lists rning of recall order for ungrouped 


Discussion 
tempor, rst experi ment show that 
Drove ral grouping is beneficial to STS. Im- 
fire “Ment was particularly noticeable for the 
call fed in each of the last two groups: 
loupe ihe last three words (one group) o 
Ungro d lists was nearly perfect; while for 
Uped lists nearly perfect recall was ob- 
the very last word in the list. 
rial position curves for 
appearance at the 
the grouped serial 
he profile of a stair- 
found. 


E 
he results of the fi 


8 
Ted for only 
S fact gave the se 
ed lists a ""steplike" 
Bost the list; that is, 
sc cute resembled t 
H. No other interactions were [oUm the 
iQ, does temporal grouping produce n 
yy, Ontinuous steplike increment in reca i: 
Rave discussion of this question will have two 
S: The first part is a demonstration that 

lige changed order of recall found in grouped 
Bu. produces a serial position function with 
Rau die increments. The second part 1s an 
vob anation of why temporal grouping changes 
“call order. 


d ke effect of recall order on STS.—Whether 
*ms are lost from STS because of temporal 
1958) 


cay (Brown, 1958; Conrad & Hille, 
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or because of displacement by subsequent items 
(Glanzer, Gianutsos, & Dubin, 1969), the 
likelihood of recall is dependent upon the order 
of recall (Bousfield, Cohen, & Silva, 1956; 
Tulving & Arbuckle, 1963). The displacement 
model will be used in further discussions, to- 
gether with the following two assumptions: 
(a) Words read as stimuli and words given as 
responses both displace previous items in STS 
(Tulving & Arbuckle, 1963; Waugh & Norman, 
1965). (b) Each new item tends to displace 
the oldest one in STS. Recall of any item 
reintroduces that item into the STS as if it 
were “new,” displacing the oldest one out. 
Accordingly, the approach of recalling back- 
wards through the list is inefficient because it 
displaces items before they are recalled. In 
order to recall the most items from STS, the 
optimal strategy would be to recall the word 
that is about to be displaced, the oldest word 
in the store. If STS contains words originally 
in Positions 15, 16, 17, 18 at the end of the 
list, one should start by recalling 15, i.e: 50 
that store will then contain 16, 17, Tees: 
Then 16 should be recalled, and so on until all 
the items in STS at the end of list presentation 
are recalled. This sort of forward-ordered 
recall within the span of STS is what is in- 
creased by temporal grouping. 

According to Gianutsos (1970), the shape 
the short-term component of the serial posi- 
tion curve depends on the order in which items 
With ungrouped lists unsyste- 
all predominate, although 
ften with the last item in 
gular order of 


of 


are recalled. 
matic orders of rec 


recall begins most 0 
Because of the irre 


the list. 

recall, the short-term component of ungrouped 

lists is expected to increase smoothly. This 
On the 


averaging. 


ess is produced by A 
a modified for- 


for grouped lists 
1 recall predominates with recall 
from the first member of 
This type of recall order 
t-term serial position curve 
plike fashion. 

on recall order.—The 
that temporal grouping changes the 
argued for here, is that when 
Ss read a grouped list they tend to impose an 
intonation pattern on theitems. Such prosodic 
features may be retained with items in STS. 
It would be inefficient to dissociate them in 
spoken recall from STS. In other words, it 
would be easier to recall items from STS in 
the intonation pattern in which they were 
presented than in some other intonation. 
Since intonation patterns must be reproduced 
in order, recall that reflects intonation pat- 


smoothn 
other hand, 
ward-orderec 
proceeding forward 
the later groups. 
results in a shor 
that increases in a ste 
The effect of grouping 
reason 
order of recall, 


we: 
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terns will be in order. In short, it is to pre- 
serve intonation that forward-ordered recall 
is used with temporally grouped lists. On 
the other hand, while it is advantageous to 
recall items within groups in order, there is no 
special advantage—as far as preserving intona- 
tion cues—to recalling the next-to-last group 
before the last group. This finding contradicts 
an interpretation of grouping by Wickelgren 
(1967), who implies that the groups, as well 


as the items within groups, should be recalled 
in order. 


EXPERIMENT II 


This experiment Served primarily to re- 
plicate and to extend the range of the 
variables in Exp. I. Since recall for the 
early parts of the list was relatively low in 
Exp. I, in Exp. II the total list presentation 
time was increased to 36 Sec. In the past 
(Raymond, 1969) slower rates have been 
found to raise the level of LTS in free recall. 
In Exp. II, the additional time was to 
make sure that any effects on LTS were 
not obscured by “floor” effects, 


Method 


Sixty college students Participated, 
The stimulus words and the manner 
their Presentation were identical to 


those used in pil, 
Procedure. —This experiment was similar to the 
Preceding one with the followi 


Grouping conditions 

Each of the six differen 
blocks was used, 
block order, Blocking was introd 
transfer of experience from one level of grouping to 
another could be Measured. In the Preceding experi- 
ment it had been observed that after ‘Ss experienced 
grouped lists, they tended to impose intonational 
grouping on ungrouped lists, (c) There were two 
total list Presentation times: 18 sec. and 36 sec. 
The exposure time for an individual item ranged 
from .6 sec. to 1.9 sec. The presentation rates were 
assigned randomly to lists within blocks. (d) The 
two practice lists were both ungrouped, the first 


being a 36-sec. list and the second being an 18-sec. 
one, 


Were presented in blocks. 
t orders of the three types of 
assigned to each 
uced so that any 


Results 


Probability of recall.—Ags Shown in Fig. 


2, grouping increased recall more at the 
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end of the list than it decreased it in hk 
beginning. Averaged over all xc 
tions, the effect of grouping was E ES of 
F (2, 118) = 7.38, p < 01. Thee pi 
grouping was significant for the Qr 4.54, 
also the last two groups, Fs (2, 118) id 01. 
9.56, and 11.46, ps < .05, .01, an E dl 
The interaction of grouping with ae 
position was significant, F (34, Bis) 
= 3.08, p < .01, reflecting the a with 
effect. Grouping also interacte r.i Js 
serial position in the last two PF. nd 
(4, 2,006) = 2.71 and 5.27, ps < Ae 
-01, reflecting the particular adyan ee 
grouping for the first items in the g agail 
The effects of presentation ime pre: 
confirmed | expectations: Terea ip recall 
sentation time significantly increase 44.89, 
in Serial Positions 1-12, Fs (1,99) =< Ven 
16.24, 34.11, and 27.11, ps < .01; ni c. 
recall was reduced significantly in bas. 05. 
to-last group, F (1, 59) = 5.98, P 3n the 
There was a nonsignificant reduction z also 
last group as well.’ Presentation pers 
interacted significantly with serial Be 4,0! 
in Groups 4 and 5, Fs (2, 1,003) de not 
and 4.37, ps < .05. These effects a i 
large. From the serial position ps. 
appears that taking more’ time to Pr hese 
à list dilutes the effects of grouping. 5 in 
trends were confirmed only for Group 


s d 
which the grouping effect depende 3.21, 
Presentation time, 7e 2, 118) aificant 
P «.05. Block order was not sig! 


Hons 
s : :- fc ateral 
either as a main effect or in its intera 


zas nO 
with grouping, indicating that thee 
Significant transfer of effects 
grouped and ungrouped conditions. ament? 
Order of recall.—Most of the Y pold f í 
on recall order made about Exp. eistentl 
Exp. II. Again, recall began con in 
with the first item in the last group 


d 
roupe 
of the grouped lists, whereas for ung likely 


: 1 ost f 
lists the first recalled item was S but this 
to be the last item in the list, ie 
oe See 


se 0* ^: 

3 This two-way effect may be te ah call 
conflicting literature on the effect o den foun all 
In some studies increased rate has il 16 ec 
be beneficial and in others dern this co” ay 
See Aaronson (1967) for a review $ st rates e. 
The present findings suggest that fa ‘hile be 
benefit STS by inducing grouping, 
detrimental to LTS. 
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97777? 2 space grouped E] 
o9 79 I space grouped g” 
9———9 ungrouped 


PROPORTION CORRECT 


SERIAL POSITION 


(a) 


Fic. 2. Temporal Grouping 2: 


grouping are 2-space grouped, 1-space grouped, and ungrouped. 
and intervals between groups in the two grouping 


and (b) 36 sec., 2.5 sec., and 1.5 sec.) 


tendency was less general, happening in 
42% of the lists. Considering sequences 
MVolving only the last six words in the 
ES the proportion of recalled pairs that 
re * 
Vere forward ordered was .54 for ungrouped 
'Sts and .72 for grouped lists. Both types 
és 18-sec. lists were recalled with a more 
on sistent selection of the typical recall 
"der (derived from maximum transitional 
Probabilities as detailed by Gianutsos, 
" than the 36-sec. lists. Moreover, 
lé two-space grouped condition was re- 
Called with a more consistent selection of 
the typical recall order than the one-space 
8rouped condition. 
p, For ungrouped lists, the typical recall order 
ased on maximum transition probabilities was 
Simply. 18 ang 17, then recycling back to 18. For 
frouped lists, on the other hand, it was the following: 
I, ih 18, 13, 14, 15, recycled at this point into 
P em 16—although in the 36-sec., two-space grouped 
wiMlition it was equally likely that recall would end 
path ltem 15. This pattern of recall amounts to 
cling the last group in order first, followed by 
(le next-to-last group in order. The fact that the 
p yPical recall order” is much longer for grouped 
ipts is indicative of the more extensive regularities 
n recall order to be found among lists. 
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(b) SERIAL POSITION 


Serial position functions for three conditions of temporal 


ng (The total presentation times 
conditions were (a) 18 sec., 1.2 sec., and .8 sec. 


Discussion 


Degree of grouping.—Where the effects of 
grouping appeared, an increase in the inter- 
group interval led to an increased grouping 
eflect. For STS, it is consistent with the model 
proposed in the discussion of Exp. I that a 
longer intergroup interval should increase the 
grouping effects. The longer interval leads 
to a more accentuated grouping intonation 
pattern. This could be expected to produce 
an even more consistent use of the typical 
grouping order of recall, and, in fact, it did. 
Consequently, the discontinuity of the incre- 
ment in STS recall would be enhanced. 

Presentation time.—The effects of grouping 
on STS were reduced by the increased presen- 
tation time. If the rate of presentation is 
slowed too much, it is possible that the intona- 
tion pattern or breath group would be changed, 
A single intonation or breath group would be 
associated with a group of stimulus words 
only if the presentation time for the group 
does not exceed the duration of breath groups 
in ordinary speech. Lieberman (1967) notes 
that although a single expiration may endure 
for up to 40 sec., the normal duration of 
breath groups is much shorter. For example, 
test sentences such as “Joe ate his soup" and 
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“You're going to drive down that rutted road" 
are spoken in 1.5 to 2 sec. In the 18-sec. 
lists of Exp. II each group of three words was 
presented for a total of 2.4 and 1.8 sec. for 
the one-space and two-space grouped condi- 
tions, respectively, not counting the intergroup 
interval. In contrast, the comparable times 
for the 36-sec. lists are 4.5 and 3.6 sec. These 
data suggest that the longer presentation time 
extended the duration of the stimulus group 
to exceed that of the normal-breath group. 
It is possible that grouping might have been 
more effective if Ss were encouraged to read all 
the words in each group in a single breath. 

In conclusion, the effects of temporal group- 
ing are enhanced by increasing the interval 
between groups and are greater for shorter 
presentation times. 


r II 


The purpose of Exp. III was to simulate 
the important aspects of grouping using a 
method other than temporal grouping. It 
was hypothesized that the important as- 
pects of temporal grouping are (a) that it 
changes recall order and (b) that it divides 
the list into smaller segments or "chunks." 
In this experiment, therefore, some Ss were 
instructed to use the order of recall typi- 
cally used for temporal grouping. In addi- 
tion, nontemporal grouping was used, in- 
stead of temporal grouping, to divide the 
list into smaller units. If these variables 
produce the same results as temporal 
grouping, then the effect of the pause be- 
tween temporally defined groups can be 


viewed as simply a marker, setting off the 
groups. 


EXPERIMEA 


Method 


Subjects.—Forty college students participated. 

Materials.—The stimulus words and the method 
of randomizing their presentation order were identi- 
cal to those used in the two preceding experiments. 

Procedure.—This experiment was generally similar 
to the preceding experiments. Grouping was again 
à variable, but here the groups were indicated by 
coloring the background of the words appropriately. 
"They were not temporally demarcated. The words 
Were presented at evenly Spaced intervals, with ev: 


ery 
other group of three words colored yellow to indicate 
grouping. 
A second variable was instructions as to recall 
order. The specially 


instructed Ss were told to 


view the list as consecutive groups of three words 
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(as indicated by color, when colored groups d 
used). They were told to recall the words E M 
group in order, starting with the last grot E A 
the next-to-last group, etc. The Ss were bocas 
abandon this order of recall for a list when E ES 
difficult to maintain. They did, in fact, al ar 
after giving the last or the last two groups. aot He 
Four groups of 10 Ss each were given s etti 
four possible combinations of the two lev M. 
nontemporal grouping and instrugHons Ve "s 
The following detail should be noted: Ss SS di 
special instructions as to recall order, but Mu. 
not have groups marked by color, tended 1 list: 
grouping cues by intonation as they read AA 
When E observed this, she told .S not to us 
nation for grouping. 


Results 


Probability of recall.—The serial pon. 
curves in Fig. 3 show that color group E 
tended to reduce recall at the begun 
the list and increase it slightly at the kt 
Since these trends cancel each other, val 
effect of grouping in the list as a whole ith 
not significant but the interaction 3 23, 
serial position was, F (17, 153) -"-—- 
b <.01. Grouping interacted yin 15 
position in the fifth group, F Os eden 
= 3.24, p < .05, reflecting a bes. 
toward discontinuous steplike E 

The effect of special instructions pu 
were similar to grouping, though dd 
accentuated. Instructions reliably p 
recall in Group 1, F (1,36) = 8.17, P pL 
and increased recall in the next-to 
group, F (1, 36) = 8.70, p «90. . 
trend toward increased recall in the 
group did not reach significance. 
two-way effect was also shown bya a 
ficant interaction of serial posto 
instructions, F (17, 153) = 5.34, p e 

In combination with grouping; omen 
instructions produced a marked se is- 
at the beginning of the list and dis ding LO 
continuous increments ru pi thes 
groups at the end. The eligit, fe in- 
trends is supported by significant n e- 
teractions (Grouping X Instruction 
rial Position) in Groups 1 and 5: fs 
= 6.90 and 3.47, ps < .01 and p^ eu o 
the discontinuous increments at t tempo ue 
the list, found previously with rouble 
grouping, do not appear with co! wer u 
or instructions alone, marked disc 
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with a total presentation time of 18 sec. 


SERIAL POSITION © 


Grouped e---e seco mstruchors S 
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SERIAL POSITION 


Nontemporal grouping and special instructions: Serial position functions for lists 
(In all panels an experimental condition is compared 


with an ungrouped no-special-instruction control condition. The experimental conditions rep- 
Tesented are (a) nontemporal grouping without special instructions, (b) special instructions 
Without nontemporal grouping, and (c) nontemporal grouping with special instructions.) 


Increments appear when they are used 
together. 

Order of recall.—Forward ordering of re- 
Call (which is indexed indirectly by the 
egree to which recall begins with items 
Other than the last) is increased by special 
Instructions. Without special instructions, 
Ss chose to start with the last word almost 
50% of the time. Whereas, with special 
Instructions and grouping together, recall 
began almost exclusively (p = .95) with 
the first word in the last group (Serial 
Osition 16). Without grouping, this 
Preference was maintained to a lesser degree 
(p = .68) and in 22% of the lists recall 
began with the fifteenth or seventeenth 
items, 


Discussion 


The effects of nontemporal grouping were 
less than temporal i at pec in the 
Same di ion. The finding is not surprising 
in ru Rice (19692, 1969b) difficulty in 
Obtaining significant effects with this variable 
in fixed-order repel inar nons P had a 

mphasizing the importance o 
el Shiffrin (1968) called “con- 
trol processes.” Finally, grouping and special 
instructions combined to produce the temporal 
grouping pattern. Neither effect alone pro- 
duced the complete temporal grouping pattern 


of recall. 


Effects on STS.—The recall orders typical 
of grouped lists are induced by the intonation 
pattern used when reading items in temporal 
groups. In Exp. III, forward ordering alone 
(produced by alternate means) produced a 
continuous increase in short-term recall. When 
marking v added by nontemporal grouping 
in Exp. III, the shape of the increment in 
recall became steplike, like that found with 
temporal grouping. To summarize, temporal 
grouping induces forward-ordered recall within 
the span of the short-term store and provides 
markers to "anchor" recall. 

ifects on LTS.—lIt is clear from Fig. 3a, 
3b, and 3c that both nontemporal grouping 
and special instructions decreased recall of the 
beginning of the list. Moreover, special in- 
structions decreased the amount of recall more 
than nontemporal grouping. These findings 
show that the effects of temporal grouping 
have no necessary relation to the allowance of 
extra time between groups. Effects similar 
to those of temporal grouping are found with- 
out any variation in the temporal properties 
of list presentation. 

The findings also rule out the assertion that 
the detrimental effects of temporal grouping 
on LTS are merely due to the more rapid rate 
of presentation necessary to keep total presen- 
tation time constant. In Exp. III, there is a 
distinct lowering of LTS recall produced by a 
nontemporal grouping procedure, a procedure 
in which Ss are simply told that some words 
will be yellow and some white. The detri- 
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mental effect is even Stronger when another 
nontemporal procedure is used, namely, the 
special instructions to recall groups in order. 

The finding that a grouping effect can be 
obtained in several different ways (by various 
forms of nontemporal grouping as well as by 
different degrees of temporal grouping) sug- 
gests that the significant aspects of these 
procedures are not immediate functions of 
their surface properties, That is, some deeper 
feature is shared by these procedures and is 
reflected, perhaps differently, in their surface 
properties. This deeper feature may be the 
distinctiveness of the smaller collections of 
items into which the list is divided. 


EXPERIMENT IV 


The purpose of this experiment was to 
distinguish unambiguously the effects of 
grouping on LTS from effects on STS by 
interposing a delay task between list pre- 
sentation and the recall period to eliminate 
the STS component of the serial position 
curve (Glanzer, Gianutsos, & Dubin, 1969). 


Method 


‘Apparatus. —The same apparatus as that used in 


the Preceding experiments was employed. An addi- 
tional timing circuit was installed for pacing the 
delay task. The circuit was sct at 1 pulse/sec and 
was activated by E after the main list 

Subjects Seventy-five college 
cipated. 

Materials.—The same set of high-frequency (AA) 
monosyllabic nouns used in Exp. I-III Was used in 
the present experiment. Lower frequen (A) mono- 
syllabic nouns were used for 

Procedure.—The method 
presentation, the list length 
those used in Exp. I 
time was fixed 
Half of the 12 |i 
and half w 


students parti- 


owed by 
Presented two ata time o 
each pair, The S read these words out loud, but 
Was not required to recall them, The postlist words 
Were on a yellow background to distinguish them 
from the main list, »rouped and Ungrouped lists 


were presented in blocks. Block 
s. ock order was counter. 
balanced. ut 


Resulis 


As can be seen in F 
eliminated any incre 
list. 


ig. 4 the Postlist task 
ase at the end of the 
It therefore can be assumed that 
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recall which followed the postlist task 
involved LTS and not STS. ; ton 
Grouping interacted with serial posi! 37 
in the list as a whole, F (17, 578) E a d 
b < .01. Recall was reliably reduce oi 
Group 1, F (1, 34) = 11.48, and i 
in Groups 5 and 6, Fs (1, 34) = 8.2 E 
15.18, all ps <.01. Discontinuous al 
creases at the end of the list in the no M 
list task condition translated into signi 
interactions of grouping and serial pos! ad 
in Groups 5 and 6, Fs (2, 578) = 4.13 a 


10.93, ps < .05 and .01. While the Group™% 


. . CAE P s . roupi 
ing X Serial Position interaction in G E 


s 057% 
4wassignificant, F (2, 578) = 3.74, p < 


it was not meaningful. However, wlien S 
STS component was eliminated by the jd EE 
list task, all effects of grouping were ell] d 
nated, asshown by significant interactions B 
grouping with delay in the last two proni 
Fs (1, 34) = 27.75 and 5.10, ps < .01 idm 
.05. The discontinuity of the group! is 
effect in the no-postlist task condita 
underscored by the significant ec 
X Delay Task X Serial Position inter? 
tion, F (17,578) = 1.78, p < .05. nae 
As a main effect, block order Was. Tib 
significant; however, it did interact put 
ficantly with grouping, F (1, 34) — dist 
b < .05, and with grouping and pot he 
task, F (1, 34) = 8,96, p < 01. ing 
interaction of block order with guum 
was found mostly at the beginning O sing 
lists where grouping was more das ie 
to recall for Ss in the second half of vas 
experimental session, While there " e 
Some transfer from grouped to ung Oc 
lists, there was none in the opposite p er 
tion. The overall effect of © PEE o 
therefore was to reduce the differe! 
between grouped and ungrouped lists. 


Discussion 


list 
" $ : , post". 
Since it turned out that with the 1 few 


å irst © 
task grouping decreased recall of the m 
items only, the mechanism by which P ed 
affects LTS is not so general as those su 


Li. 
STS phenomenon and not due re initi" 
For grouped lists, flattening of t Jetë 
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(b) 


Postlist task and temporal grouping: Serial position functions for temporally grouped 


and Ungrouped lists with a total presentation time of 18 sec. and 1.2 sec. between groups. (In 
Panel a, a postlist task was interposed between list presentation and recall. In Panel b, no post- 


list task was interposed.) 


tere ing of items at the beginning of grouped 
unti Rather, much of processing is delayed 
i M Lee group is in, either because there 
Cessin, time within the group or because pro- 
Some g time is reallocated in accordance, with 
ao LM process. Therefore, early items 

empty. have the advantage of being in a nearly 
: Ed STS buffer at the time of processing. 

Produc” in ungrouped lists, this advantage 
of fu ruine initial peak—primacy portion— 
lang -TS component (Bruce & Papay, 1970; 

I tsos, 1970; Rundus & Atkinson, 1970). 
tweErOuped lists less processing is done be- 
NE items in the first group and more is 

.€ In the interval between Groups 1 and 2. 

to 'S redistribution of processing from within 
etween groups is maintained throughout 


thie: 
M but does not change the overall infor- 

is ‘On coded for later items, since the STS 
filled, 


ig e rintle-tral free recall temporal grouping 
aet n» cial only to STS. Ww hile grouping 
dogs ss tends to reduce the initial peak, it 
“flee 9t change the asymptote of LTS. The 
itte E Srouping on order of recall focused 
In S on recall order as a crucial factor 

"mining probability of recall from STS. 


The discovery that grouping affects only the 
initial peak or primacy portion of the serial . 
position curve was explained in terms of the 
reallocation of coding time from within to 
between groups. In conclusion, these findings 
cast doubt on the value of temporal grouping 
as a general mnemonic device. Moreover, 
intonation, which includes temporal grouping, 
should be expected to play a role in the earlier 
stages of speech comprehension where STS, 
and not LTS, is mainly involved. 
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The S's task was to decide as quickly as possible whether the second of two 


sequentially presented visual stimuli was the same as the first. 


Three types 


of stimulus pairs were used: letters, random dot patterns that were easy to 
differentiate, and’ random dot patterns that were difficult to differentiate. 
Reaction times (RTs) were faster, and error rates lower, with the letters and 
casy random patterns than with the difficult random patterns. The relation- 
ship between RT and the duration of the interval between the stimuli being 
compared was curvilinear over the range 0 to 8 sec. The results did not 
support the idea that the letters, for which auditory codes presumably are 
readily available, were stored in short-term memory in a fundamentally 
different way than were the random dot patterns. 


sui, Distinction between visual and 
ory rans articulatory) short-term mem- 
accepted c ) is a familiar and widely 
content one, It is generally held that the 
Memo S of visual STM, or iconic 
Persist as Neisser (1967) has termed it, 
a only for a very brief time (a second 
so) and, if they are to be retained for 
D periods, must be “recoded” and 
sented within another storage medium. 
13 urther held that if the visual patterns 
AN be remembered have highly 
d auditory associates (names), the 
associa involves the substitution of these 
fuere for the visual patterns and the 
ton medium becomes an auditory,® 
Such - than a visual one. Evidence for 
fom a visual to auditory recoding comes 
most a variety of Sources, perhaps the 
im ening being experiments showing 
recall ects of acoustic confusability on the 
dig: Of visually presented | letters or 
1 Sits (Conrad, 1964; Sperling & Speelman, 
zi 0; Wickelgren, 1966). It 38 assumed 
: at items in auditory S TM are more easily 
Chearsed than those in visual STM and 
Sàn, therefore, be retained for much longer 


S ! This experiment was supported by the United 
Plates Air Force Office of Scientific Research under 
Contract F44620-69-C-0115. Barbara Noel assisted 
r Eollecting and lyzing the qu 
" i "nk te Aus diane 
S. Requests for reprints should je wht to Rayniond 
'cKerson, Bolt Beranek and Newman, Inc., 
Sulton Street, Cambridge, Mass. 02138. : 
he term "auditory STM” will be used in this 


*por n tuo ; 
Sinite represent "auditory and/or articulatory 


lon 


periods of time; thus the recoding makes 
sense, given the goal of retention, and 
providing auditory associates of the visual 
patterns are easily accessed. 

How visual patterns that do not have 
readily available verbal labels are retained 
in STM over intervals that exceed the 
persistence of iconic memory is not clear. 
One possibility is that they are recoded as 
verbal descriptions or auditorily repre- 
sented feature lists (Noton & Stark, 1971). 
While it is apparent that some recoding of 
this sort does occur, it seems unlikely that 
one could account for our ability to 
remember visual stimuli exclusively on 
this basis. People are very good at re- 
membering complex visual patterns of the 
type that would be difficult to reduce to 
unique or differentiating descriptions (Nick- 
erson, 1965; Shepard, 1967). 

In any case, it seems consistent with the 
prevailing notions about visual and audi- 
tory STM to assume that visual patterns 
for which there are familiar names (e.g., 
letters and digits) would be encoded in 
memory differently than would those for 
which familiar names do not exist. We 
would expect memory for items in the 
former category to show the Characteristics 
Qr auditory STM, whereas memory for 
those in the latter should have more of the 
characteristics of a visual representation. 

The results of two recent studies are, in 
some particulars, difficult to reconcile with 
this view. Nickerson and Pew (1972) had 
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Ss make different types of judgments with 
respect to successively presented pairs of 
visual stimuli: “Do the pairs have at least 
one item in common?" “Do they have 
both items in common?" "Are they 
identical?" (Do they have the same items 
in the same positions?) Two types of 
stimuli were used: dot patterns arranged 
to form letters and dot patterns randomly 
arranged. Some aspects of the results led 
Es to conclude that the letters, as well as 
the random patterns, were represented in 
memory in visual-like form. (The possi- 
bility that the letters were also represented 
auditorily was not ruled out.) The main 
evidence for this conclusion was several 
indications of strong position effects; for 
example, matches between items were 
more readily detected when those items 
occupied the same spatial positions in 
both target and probe displays than when 
they did not. 

Snodgrass (1971) has also reported an 
experiment in which SAME-DIFFERENT judg- 
ments were made with respect to both 
digits and random visual patterns. The 
stimuli being compared were presented 


either simultaneously — ("discrimination 
P HJ z 2 
task") or at a temporal separation of a 
few secon 


latter cas 


interval b ary somewhat 


c. Snodgrass 
uli to be com- 
d Simultaneously the 
e largely visual and 
that long response ti PA " 


i ficult visu 
tions. The fact that positive correlations 
were found between memor 
nation RTs for the same sti 


as some evidence that 
stimuli were encoded visu 
memory task. 
conclusion th 


types of 
ally for the 
Further support for the 
: at the digits in particul 
were visually encoded was se 
that for both discrimin 
tasks DIFFERENT RTs 
independent measure o 
between the stimuli bei 

The present study 
provide additional data 


ar 
en in the fact 
ation and memory 
increased with an 
f visual similarity 
ng compared. 

Was designed to 
on the question of 
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visual versus auditory encoding of visual 
stimuli. The main assumption under 
the experiment was that if letter stimu! 
are stored in a different way than eM 
random dot patterns, one might expen 
the different representations to decay n 
different rates. If they do, one should 
find that stimulus type (vis a vis aud 
codability) and the amount of time the 
stimulus must be held in memory shoul 
interact in their effects on performance 
measures such as response time and ie 
rate. In particular, we would expec 
these performance measures to be Jess 
dependent on the duration of the retention 
interval, within the range studied (0 at 
8 sec), with auditorily encoded stimun 
than with stimuli for which auditory 
representations are not readily available- 

It also seems reasonable to expect Pet 
formance with these two types of stimu! 
to be differentially affected by changes 
the exposure duration of the stimulus i 
be remembered. If it is the name V 
stimulus that is stored rather than 1 
visual configuration, performance uc. 
be independent of stimulus exposure de 
tion, provided, of course, that the lat d 
is great enough to permit the stimulus " 
be identified and its name retrieved. Whe 
the visual pattern itself must be relat 
we might expect that, within limits, pe 
longer the stimulus duration the sae 
adequate will be the memory represen i 
tion that is formed (Shaffer & Shiffrin, 
1972). This conjecture would be ate 
ported by an interaction between stimu 
type and exposure duration. f dis- 

Finally, there is the problem © TE 
tinguishing between the effects of audi us 
codability and those of such ndr ich 
familiarity and discriminability with W x 
they may be confounded. No en 
will be made to LSA ee tl 
codability and familiarity; it will sin F 
be assumed that these variables 


e 
1 al, t 
thoroughly confounded in TW. 
more familiar the visual pattern hoe s nà 
likely it is to have a name. There !? , 


th 
i i tterns W 
necessity, however, for visual patte 


:ecriminaP. 
names to be more or less Hic ee 
than those without them, althoug 
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N AH guess that they would tend to be 
the o: "E help distinguish between 
tinal n i auditory codability and 
E E $ ss in the present experiment, 
| levels a om patterns representing two 

EN cu serminability were used. By 
us E MONI obtained with these 
with no stimuli against that obtained 
etermine an it should be possible to 
Associated Ww hether performance differences 
meae A, PAN the letter-versus-random- 

the tags may be attributed solely 
the en (or lesser) discriminability 
EK ais or must be accounted for 

ome other type of difference. 


of 


METHOD 


S task was to compare two successively 

4 ‘sual patterns and to report as quickly 

Ted pressing one of two response keys, 

irst shoe were the same or different. 

Cond wae mulus was always masked before the 
as displayed. 


2. 
zc 
d 

< 


In 
de. 
T Pendent Variables 

"her, 

€ we F : S 

tlus ar four independent variables: (a) stim- 
(ution int (b) stimulus exposure duration, (c) re- 
Positiy, erval, and (d) type of response required 
i Stimul Or negative). 
an dA Lybe.—Stimulus patterns were formed 

Poy, Sets of a 7 X 5 dot matrix (see Nickerson 


1 
leto, us Patterns formed block capital English 
vee two other conditions they were 
Ced at configurations occurred when dots were 
à random in 12 of the 35 possible positions. 
the c WO I 


in qj, "6Sbect to the position of 11 of their 12 dots; 
difficult random" condition the members of 
either were the same or differed with respect 
K lim OSition of a single dot. 1 
tach Ulus exposure duration.— Ihe first stimulus of 
Sx parait was exposed for .25, 1, or 4 sec. The 
Meere of the first stimulus was terminated by the 
Area. Position of a 7 X 5 dot pattern on the display 
Made -us masking pattern remained on until S 
Tire, 'S response, The second stimulus appeared 
Yistang, Under the first with a dem. separation 
d ce Betwean W st with a ee a 
set Hon fen the stimuli, 
tor the ial, —The interval between the 
ask and that of the second stimulus 


Pair 


toe 


was varied among six durations: 0, .25, . 
and 8 sec. 

Type of response required.—On exactly half of 
the trials of every session the correct response was 
SAME. The experiment was counterbalanced with 
respect to which hand was used to make this 
response. 


Design 


Stimulus type and stimulus exposure duration 
were treated as between-Ss variables. Both the 
duration of the retention interval and the type of 
response required were varied randomly from trial 
to trial, within the constraint that in every run of 
60 trials, each of the six durations occurred 10 times, 
5 times with positive (SAME) stimuli and 5 times 
with negative. 


Procedure 


Stimuli were presented on a cathode-ray tube 
display under the control of a Digital Equipment 
Corporation PDP/8 computer. Figure 1 shows the 
layout of the display and the temporal structure of 
each trial. At the beginning of each trial there was 
displayed for 1 sec. at Position 1 the duration of 
the retention interval for that trial. This was done 
to minimize temporal uncertainty, and thereby, 
hopefully, to preclude effects that could be attributed 


FACE 
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Time (1 IE 


i 
Torget (2)1 
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0-BOsec RT 
O1 sec —> 


25-40 sec 


Fic, 1, The layout of the visual display and the 
temporal structure of a trial. (""Target"" refers to 
the first of the two stimuli being compared, and 
“probe” refers to the second.) 
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to the possible selection of inappropriate rehearsal 
strategies that might be used when S does not know 
how long he must retain information. 

following the offset of this display, the fi 
of a pair was presented at Position 2. 
of this display was either -25, 1, or 4 
on the condition. At the end of 
masking stimulus was presented . 
Following a delay of from 0 to 8 sec., during which 
time the masking stimulus remained on, the second 
stimulus of the pair being compared was presented 
at Position 3. This stimulus was displayed, along 
with the masking stimulus, until a response was 
made. Shortly (.1 sec.) after the r 
made either an "S" or a “D” appeai 
Position 4 or Position 5. The letter 
response that should have been m i 

of which one had been; and it appeared on the side 
of the display corresponding to the hand to which 
that response had been assigned. The feedback 
display remained on for .2 sec. One second follow- 


ing its offset the next trial was initiated with the 
retention interval 


One second 
rst stimulus 

The duration 
sec., depending 
this interval a 
at Position 2 


onse was 
in either 
dicated the 
ade, irrespective 


onset of the display of the next 
at Position 1, 

Each run had 66 trials, 
each of the six retention in 
and half of the stimuli were 
practice, and data from 
retained, 

Each S Participate 


The first 6 (in which 
tervals occurred once, 
SAME) were considered 
those trials were not 


d during 2 days. On the first 
day the procedure was explained in detail, and at 


least three Practice runs were given. Four and 
Sometimes five practice Tuns were given on the more 
difficult conditions. On the second day each S had 
five runs, and these data are reported. 

The Ss rested between runs as they wished. 
Usually they ran in pairs, one resting while the 
other ran. The Ss were permitted to see their mean 
SAME and mean pr ENT RTs as well as the 


both types following 


Subjects 


The Ss were 18 higi 
Paid for th 
(on an as- 
binations 


h school students who were 
eir participation, Two Ss were Ssigned 
arrived basis) to each of the nine com- 
of the two between-Ss variables. 


REsULTS 


Figure 2 shows RT (for corre 
as a function of the dur; 
tion interval for each combination of 
stimulus type and exposure duration. 
Each point in Panels à, b, and c is the 
mean of four medians, a median SAME and 
a median DIFFERENT RT for each of two 
Ss. Each median was based on a maxi- 
mum of 25 RTs, the actual number 
depending on the number of errors asso- 
ciated with that set of scores, In Panel 
d, data have been pooled over exposure 


ct responses) 
ation of the reten- 
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RETENTION INTERVAL (ms "P. 
ura 
i the i 
Fic. 2. Response time as a function of © expe i 
tion of the retention interval for the HUS poole 
mental conditions. (Panel d repre: 
data.) them 
: TPN ows 
duration; the dashed line sh and 


pooled over both exposure duration 
stimulus type, media? 
An analysis of variance on the sed 
ird Eig, 2 is ba 
correct RTs on which Fig. ^ lus typ% 
showed the main effects of HERUM type € 
retention interval, and response 01 level: 
be significant at well beyond a 
The effect of exposure ER Me : 
significant. The only Wiss ae betii 
were significant at a .05 y em. H 
were Exposure Duration x x Respo” 
terval and Exposure Duration e: Respon? 
Type. The Stimulus Type nificant: " 
Type interaction was nearly sig um ES. 
The effects of stimulus YO eres i 
tion interval are clear from the cu ue 
DIFFICULT random pr either C 
longer to compare than di she Jet ter 
5 random patterns or 
EX 1 ?. 
‘The “easy patterns” curve n sept 
spuriously low; one of the two ally fast. 
that curve appeared to be unusua 


| pe 
nel b me by 
ente 


Exe ——— 


MM" e e- 
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For all combinations of exposure duration 
NS ue type, the relationship be- 
i NER and retention. interval was 
am po on zed by an initial dip and then a 
vo imun RTs being obtained with 
uem of intermediate duration. The 
with ue these curves is consistent 
Pu ack of an interaction between 
$ type and interval. 


br iatis to be the case that the slope 
online component of the curves 
frm. somewhat as exposure duration 

HOM which accounts for the significant 
iteram Duration X Retention Interval 
es. os » If Panels a and c of Fig. 2 
Roe ver! aid, it would be seen that ex- 
-Sure duration had little effect on RT at 
ete e test retention interval, but a large 
. A the longest ones, the longer 
RTs. € duration producing the shorter 


i sc effects associated with response type 
Curves eiim in Fig. 2 inasmuch as the 
Negative lown there represent positive and 
ive responses combined. In general, 
RTs were longer than posi- 
(7 by about 38 msec. on the average 
ison vs. 722). The Exposure 
longos X Response Type interaction in- 
ence that the magnitude of the dif- 
W; e between positives and negatives 
althouct constant over exposure durations, 
itecqis the difference was in the same 
Cant on in all cases. The nearly signifi- 
t Sau ulus Type X Response Type in- 
tience T reflects the fact that. the dif- 
Was € between negative and positive RTs 
le ye eater (about 50 msec.) for the 
diff S and easy random patterns than for 
cult random patterns (about 10 msec.). 
of ee 3 shows percent errors for each 
na © Conditions represented in Fig. 2. 
analysis of variance was performed using 
ae four scores associated with each 
Scores p Panels a, b, and c. The four 
erem, a percent incorrect SAMES and 
ihe ED renr DIFFERENTS for two Ss. 
inasmuch ts of the analysis are tenuous 
imulus ae homogeneity of variance over 
there is ad 1s not a valid assumption ; 
Stimuli, TI vious floor effect for letter 
tenhi 7€ results of the analysis are 
Ported here Dhimariy for the sake of 
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FiG. 3. Error rate as a function of the duration 
of the retention interval for the various experimental 
conditions. (Panel d represents pooled data.) 


calling attention to specific relationships 
that can be observed in Fig. 3. 

Each of the main effects was significant 
at the .01 level or better, as were three 
interactions: Exposure Duration X Stim- 
ulus Type X Response Type, Exposure 
Duration X Interval X Response Type, 
and the four-way interaction involving all 
factors. The Exposure Duration X Stim- 
ulus Type interaction was significant at 
the .05 level. 

The effects of stimulus type and of 
exposure duration are apparent in the 
figure. So is that of the Exposure Dura- 
tion X Stimulus Type interaction. The 
main effect of retention interval is less 
obvious, given the relative flat UE 
dashed curve in Panel rig a a tire 
volving response type are Nee pegs 
figure because the two t hei v olen tie 

" ypes of errors are 
not differentiated. In general, false SAMES 
(the response SAME when the stimuli were 


different) were more frequent (16.095) than 
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Fic. 4. Response time as a function of the dura- 
tion of the retention interval for both correct and 
incorrect responses. (Only data obtained with the 
difficult random patterns are represented.) 


were false DIFFERENTS (12.8%).5 The 
interactions reflect the fact that this split 
was not consistent for different combina- 
tions of stimulus type, exposure duration, 
and interval. 

Median RTs were obtained for the 
incorrect responses of each S for each of 
the exposure duration retention interval 
combinations for the difficult random 
patterns. These medians were an av 


'erage 
of 57 msec. longer than the corresponding 
medians for correct responses. The rela- 


tionships between these medians and ex- 
posure duration or retention interval were 
not appreciably different from those ob- 
Served with correct responses. Figure 4 
shows the mean median RTs for correct 
and incorrect responses as functions of 
interval with data pooled over exposure 
durations. (The curve representing correct 
Same as the top curve in 
I The curves are nearly identical 
in shape except for the right-most points, 
Error RTs Were not considered for easy 
random patterns or for letters because of 
the low frequencies of occurrence in those 
Cases. Several of the cells representing 
Particular combinations of exposure dura- 
tion, interval, error type, and S had no 


responses; and several others had only one 
or two, 


ë These percentages, like all others reported, are 
Percentages of the number of events of the specified 
type that could have occurred. For example, 16% 
false SAMES means that of those stimuli for which 
the correct response was DIFFERENT 16% were 
responded to by same. 
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DISCUSSION 
: Repre- 
Visual versus Auditory p 
sentation 


Memory 


he 
The results provide little evidence tha 
memory representations for the lette nt de- 
random patterns used in this exper a an 
cayed at different rates. Stimulus tyI their 
retention interval did not interact 1n rates: 
effects on either response times or error types 
The data do suggest that the differens 8 
of stimuli may have required different euo 
of time to be encoded for memory $ ee tO 
This is seen in the fact that the [od uus 
which error rates were decreased by ue ol 
exposure duration depended on the effect 
stimulus involved. In particular, jeu 
was greatest in the case of the dificult © rete 
patterns. This result must be inte s es 
cautiously, however, inasmuch as Se the 
with the letters were minimal even W! hence 
shortest stimulus exposure duration, an -posure 
could not be much reduced as the ere 
duration was increased. On balance, $ us t 
little in the results that would comics we 
conclude that the random dot patterns , 


y in 
H nor e 
encoded and represented in mem EL. th 
qualitatively different way mani product! 
letters. The easy random patterns ob- 


those 
results that were more similar to ta with 
tained with letters than to those ey. whole: 
the difficult random patterns. On baa: he 
the data are consistent with the idea f stimul! 
main difference among the three SEES 9 In pat 
was their relative discriminability i 55 
ticular, they suggest that althoug 


a 
e dis 


A TEE 
crimination that was required in A dificult 
the difficult random patterns was Mm e 
indeed, relative to that required i $: 
of letters, the basis on which it was 
not qualitatively different. 

This conclusion is difficult to pam 
the prevailing view that. A is Ed audito" 
stimuli are represented in STN “ible expla" io 
or articulatory code. Three poss! nt failure pe 
tions are offered for the appare! ding in "i 
Obtain evidence of auditory EE that vi Wi 
present case. (a) The ale the simi 
and auditory feptesen eae T a 
used in this experiment woul > 
ferent rates may be invalid. i 
results could not be bos ies in the SAY 
both types of stimuli were s p end critica! ie 
form. (b) The results may R aiya sin " 
on the fact that i had Ea E held the pe 
item at a time. It is "eoding name? 
leset vis of the reasons fok eno L 
visual stimuli auditorily is to 


the E 
wa 
ade 


saul 
ew 
reconcil igual 


dito? 


AUDITORY CODABILITY AND SHORT-TERM VISUAL RE 


pearsal, the assumption being that S can re- 
arse auditory representations better than 
visual. Maybe the assumption is valid only 
eens of stimuli. Given the task of 
uod ering a single visual stimulus for a 
mein ERETAR of time, perhaps it is as easy to 
it nee the visual representation as to recode 
Sicher !ts auditory associate (Posner, Boies, 
be fiat e & Taylor, 1969). (c) Finally, it may 
Were si the data obtained in this experiment 

„Simply too noisy to permit the detection 
ifferences that exist. There is in fact 
Not Fe tection in the data, although it is 
ecay oy substantiated, of differential 
tion dene For the .25-sec. exposure dura- 
rate) re ition, the curves (both RT and error 
Pattern Presenting letters and easy random 
in appear to be diverging at the longer 
intervale intervals. . Extending the range of 
i Pena might verify the effect. Assuming 
Teal, th fa that the suggested effect is 
Stimulus ollowing question arises : Why should 
Memor S exposure duration affect the rate of 
Sxpos, ^, decay? It is easy to see why a brief 
tres e would result inan inadequate memory 
the re ntation to begin with, but given that 
ast 4 Presentation is good enough to permit 

and accurate responses at short intervals 


Som 


e, $ 
adn msec.), why should its decay be 

*'erated thereafter? 

Th ’ x 

d Relationship between RT and Retention 
Nerval} 

Iy 3 A 
te Shapes of the curves relating RT to 
p "tion interval deserve some comment. In 

Articul 


ar, it is interesting that the curves do 
formly increase or decrease monotonic- 
follo 4 he typical shape is an initial decrease 
Y Wed by a rise. In the foregoing discussion 
"ave implicitly attributed the increase in 
With the longer interval durations to 
frioration of the memory representation, 
n Orgetting. However, there is another 
th or Whose effect cannot be ruled out, and 
of œ S time uncertainty. We usually think 
S uncertainty about the time of arrival 

ne dEnal as having two sources : the objective 
di tainty due to the trial-to-trial variability 
titiek, signal's arrival time, and S's imperfect 
In qpeCPing ability (Klemmer, 1956, 1957). 
MS experiment the first source of uncer- 
Y Was eliminated by telling S on each 
exactly what the duration of the reten- 
5 nterval would be. There remained, how- 
Gey: ae sess timekeeping ability, the 
With d v He We would expect to increase 
je ; ge Curation of the interval that must 
Judged. This could account, at least in 


9t uni 
alc te 


taint 
trial 
lon j 
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part, for the increase in RT with increasing 
interval durations. It would be of interest 
to do an experiment to attempt to determine 
how much of the increase in RT with retention 
interval may reasonably be attributed to this 
factor. To do this one would have to provide 
S with a timekeeping cue to compensate for 
his imperfect internal clock. For example, 
one might provide on each trial some analog 
representation of time, such as a line whose 
length decreased at a constant rate and which 
disappeared at the precise instant that the 
test pattern was displayed. Such a time cue 
would be unlikely to be effective with the 
shorter retention intervals, but might be help- 
ful in the case of the longer ones. 

The initial dip in the RT curves may also 
have little to do with memory processes. To 
be sure, several Es (Nickerson, 1967b; Posner 
et al., 1969; Snodgrass, 1971) have found that 
comparison RTs are often longer when the 
items being compared are presented simul- 
taneously than when the onset of one precedes 
that of the other, even by a fraction of a 
second. In these experiments the difference 
between RTs obtained with simultaneous and 
sequential presentations can be accounted for 
by assuming that in the latter case S can 
assimilate or encode one of the stimuli before 
the other one is presented, thus getting a head- 
start on the processing, which is not possible 
when the items are presented sequentially. 
However, in the present experiment the stimuli 
were presented sequentially even when the 
interitem interval was 0 msec. So this explana- 
tion does not apply. 

There are two plausible explanations for 
the relatively long RTs obtained with the 
O-retention interval. It may be that S waited 
until the first stimulus was masked before 
changing his point of fixation from Position 1 
to Position 2 (see Fig. 1), in which case RT 
would be long when the interval was 0 msec. 
because it would include part of the time to 
make the eye movement. Alternatively, one 
might attribute the long RTs to an inhibiting 
effect of the onset of the mask. The literature 
on psychological refractory phase" makes it 
clear that à stimulus such as that used as a 
mask in this experiment can delay the response 


to a simultaneous or closely following stimulus 


under a variety of conditions (Davis, 1959 
1962; Nickerson, 1967a). i 
SAME versus DIFFERENT RTs 

The relationship between SAME and DIF- 


FERENT RTs has been 


: the subject of con- 
siderable attention of | J of con 


ate. The most typical 
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finding seems to be that same RTs tend to be 
shorter than DIFFERENTs, although in some 
cases the reverse finding has been reported. 
Among the conjectures that have been put 
forth to account for these differing results is 
one that holds that same RTs will be shorter 
than DIFFERENTS when the stimuli are repre- 
sented in memory in a verbal code, as letters, 
digits or words might be; and the reverse 
will be the case when the memory representa- 
tion has more the character of a sensory 
image, as, for example, pure tones differing 
in frequency or amplitude, or lines differing in 
length (Bindra, Donderi, & Nishisato, 1958). 
In the present experiment, same RTs were 
significantly shorter than DIFFERENTS, on the 
average. However, the size of the difference 
varied as a function of stimulus type. In 
particular, it was relatively large for the 
letters, somewhat smaller for the easy random 
patterns, and small, almost to the point of 
vanishing, for the difficult patterns. The 
results obtained with the letters, therefore, 
were consistent with the verbal encoding con- 
jecture. The results obtained with the random 
patterns, however, are problematic for this 
notion. The lack of a sizable difference either 
way with the difficult patterns might be dis- 
counted as indicative of nothing in particular, 
given the huge error rates obtained with these 
stimuli. However, the fact that same RTs 
were considerably shorter than DIFFERENTS 
with the easy random patterns is not consistent 
with the verbal encoding notion, 

Finally, note that the discriminability vari- 
able affected not only DIFFERENT RTs but 
SAMES as well, and this is so, in spite of the 
fact that matching Pairs of stimuli in the 
difficult random condition were essentially 
equivalent to matching pairs in the easy 
random condition. The only difference be- 
tween these two conditions was the magnitude 
of the difference, when the stimuli differed. 
This substantiates the argument that has 
been made in other places that how long it 
takes to decide that two stimuli are the same 
must depend on the magnitudes of the dif- 


ferences that S expect to encounter 


may 
(Nickerson 


s in press). 
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TEMPORAL ASPECTS OF SIMPLE MULTIPLICATION 


AND COMPARISON ! 


JOHN M. PARKMAN? 


Carnegie- Mellon University 


For six sessions, six college students were shown series of simple multiplication 
problems of the form b X q = r and were asked to respond rapidly whether 
the solution given with each problem (r) was correct or not. On half of the 
trials, the presented solution equaled the true product and, on the remaining 
trials, the presented solution differed from the true product in a systematic way. 
Additive multiplication-stage and comparison-stage reaction time effects were 


found for correct responsi 
found to increase monoton 


comp. 
respo 


Th 


ity were explored. 


For most adults, the multiplication of 
WO single-digit numbers is a highly over- 
arned task performed quite rapidly and 
With little conscious effort. For example, 
if S is asked to multiply 7 times 5 and then 
9 retrospect on what he did, he will usually 
"eport that he simply knew or remembered 

le correct answer, or equivalently, that 
Somehow he simply became aware of 35. 

"'estioned further on how he arrived at the 
Solution, he will generally plead ignorance, 
Except to state that of course he learned the 
Answer much earlier and, hence, all he did 
as to recollect a previously learned fact. 
'ertainly this explanation is plausible 


t 


Most adults have had a long history 
ú dealing with multiplication facts like 
Rowen times five" and have had ample 
(portunity to form long-term representa- 
ee of the correct answers. But beyond 
tus Very little is known. Indeed, even 
this "information retrieval hypothesis" of 
ple mental multiplication is based on 
Sty little direct empirical evidence and 
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function of min (p,q), excluding problems where P or g equaled zero. d 
ison stage, negative responses had longer latencies than did positive 
e results were found to be ve 
earlier study of simple addition. Some theoretical implications of this similar- 


For the multiplication stage, latencies were 
ally as a function of the sum of p and q and as a 


For the 


' similar to those from an 


gains most of its plausibility from casual 
observation and introspection. 

One approach to the study of simple men- 
tal multiplication and its underlying pro- 
cesses is to investigate reaction time differ- 
ences among the basic multiplication prob- 
lems. Such differences may well provide 
clues to the informational processes in- 
volved in this and related computational 
tasks. The present study investigated 
reaction times associated with the 100 basic 
multiplication problems formed from all 
possible pair-wise combinations of the 
single digits 0-9. These reaction times 
were measured indirectly using a procedure 
similar to that used in a study of simple 
addition (Parkman & Groen, 1971). Thus, 
in the present study, problems were pre- 
sented in the form p X q = r and Ss were 
asked to decide whether or not the dis- 
played answer (7) was correct, and the total 
reaction time was assumed to be the sum of 
the duration of component processes, one 
of which was the multiplication process. 

There have been very few reaction time 
studies of mental multiplication in adults, 
and most of these have investigated solu- 
tion times to multidigit problems in which 
considerable time is needed for carry opera- 
tions, storing of intermediate results, ete. 
Vor example, Dansereau and Gregg (1966) 
found that the solution times to problems 
involving two-, three-, or four-digit num- 
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bers multiplied by a two-digit number are 
well described by a "difficulty. factor 
based on the number of single-digit opera- 
tions involved in each problem (e.g., *mul- 
tiply,” "add," "hold," "carry"). Along 
these lines, Dansereau (1969) constructed 
a computer simulation model of multidigit 
mental multiplication performance. As 
interesting as these studies are in terms of 
the control processes used in a complex 
cognitive task, they provide no information 
concerning the basic multiplication opera- 
tion. Dansereau, for example, assumed 
that this operation is composed of a table 
look-up procedure but did not attempt 
further specification of the processes in- 
volved. 

Thomas (1963), on the other hand, has 
dealt with the multiplication operation 
more directly. He assumed that the men- 
tal processes underlying many forms of 
simple calculation behave as an informa- 
tion-processing system for which the time 
needed to perform a given arithmetic opera- 
tion is strictly proportional to the amount 
of information that must be handled by the 
System. Given this premise and some no- 
tions concerning how the structural com- 
ponents of a given problem relate to one 
another in terms of total information, 
Thomas derived the prediction that reac- 
tion times to simple multiplication prob- 
lems of the form P Xq-—r should be a 


linear function of log(p + q + r). 
ever, Thomas did not sp 


function might be relate 
processes, 

A fundamental question with regard to 
mental multiplication is Whether S forms 
the product of two single-digit numbers by 
use of some memory retrieval procedure or 
whether such a Product is generated by a 
computational algorithm, Reaction time 
data alone cannot settle this question but 
Can, at least, provide conditions that must 


be met by any model of the multiplication 
process, 


An analogous situat 
mental addition, for w 
reaction time data ha 
lected. Specifically, 
(1971) found that re 


How- 
ecify how such a 
d to psychological 


ion exists for simple 
hich some Systematic 
ve recently been col- 
Parkman and Groen 
action times to prob- 
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lems of the form p + q = r are in gener aa 
linear function of the sum of RE. AM 
addends and to about the same dead 
linear function of the minimum a on 
As they point out, this latter finding ante 
patible with one of a class of d UM 
models for simple addition proposed Me. 
by Suppes and Groen (1967) Ue bs. 
sively discussed by Groen and Es 
(1972). Very briefly, the model in qu M 
consists of two basic operations: the se a 
or initialization, of a counter and the m 
cessive incrementation of the counter rode 
the desired result is obtained. The owe 
performs these operations in the fo to the 
sequence: first the counter is set n the 
value of the larger addend, and Fi: One 
counter is successively incremented ? ler 
n times, where z is the value of the sm: ho 
addend. It is assumed that the ker. 
quired to set the counter is indepen i and 
the value to which the counter is sora 
that the time needed to inerent ON 0! 
counter is independent of the ra o 
times the counter is incremented. Ns. 
the model predicts that reaction in 
simple addition problems will be ei, the 
function of the minimum addend wi dura* 
slope of this function estimating the 
tion of each incrementation cycle. l 
Though it does appear plausib es 
adult Ss perform simple addition by! rl 
of a high-speed counting operation, aS sever” 
man and Groen (1971) suggest, it is ! com 
theless true that their data are also jeva 
patible with some types of memory ren al- 
models. For example, the counting | i$ 
gorithm they propose could easily e jan ? 
fied to calculate an index, rather a 
Sum, with the index then being bx latte 
memory retrieval operation. "ac it ca? 
formulation has the advantage bod sim i 
easily be generalized to encompas origi? ^. 
mental multiplication, while the r stron? 
model can do so only with the nite d E 
assumption that the model's ees af 
cedure can operate by incremen coun 
bitrary size rather than the basic i 67) 
by ones which Suppes and Groe! " 
assumed. D 


t 
tha 
3 Le argued Ug 
From the above, it can be are iplicat o! 
reaction time data for simple mu 
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have the same general characteristics as 
those found for simple addition, then per- 
haps the counting model for simple addition 
Proposed earlier should be reconsidered. 
Furthermore, the possibility would then 
exist that addition, multiplication, and 
Perhaps other forms of simple calculation 
are all based on common processing mecha- 
nisms operating in such a way as to generate 
vilae reaction time effects. On the other 
"and, if close similarities are not found be- 
tween simple mental addition and multipli- 
Cation, then it may well be that performance 
In the two tasks is based on quite different 
Processes. Hence, one goal of the present 
Study was to examine general similarities 
and differences between simple multiplica- 
tion reaction times and the reaction time 
data collected by Parkman and Groen 
(1971) for simple addition. 


METHOD 


Subjects. —Six students from Carnegie-Mellon 
Ben eraty, five males and one female, served six 
SC ons each and were paid for participation. Three 
°8 had participated in previous reaction time experi- 
Tents, All s, 


tae Product (negative instances). Negative 
y NS for a given problem (p X q) were formed 
y ae incrementing or decrementing either porq 
(P € and then calculating the resulting product 
Straine hese resulting products were in turn con- 
insta. ed to nonnegative values. (When a negative 
eq ee was needed for the problem 0 X 0, 7 was set 
ual to five.) 


ins 
b 


63 Screen from an eye distance of approximately 
l a S Which subtended a visual angle of 2943'. 
SWite feet Were made by pressing one of two micro- 

e eiu located approximately 50 cm. in front of 
tiv, een, The positions of the positive and nega- 
Ss, 7¢8Ponse switches were counterbalanced across 
~atencies were timed and recorded by the com- 
to the nearest .001 sec. from the time the 
! Was sent to the monitor until switch con- 
Was made. Images appeared on the monitor 
n approximately .008 sec. after the appropriate 
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commands had been issued and latency timing 
initiated. 

Design.—The Ss were run one session per day for 
6 days. For each S, the first session was conducted 
3 days before the second session, and Sessions 2-6 
were conducted on successive days. Each session 
was divided into four blocks of 100 trials each. 
Across each session, S saw the 100 different mul- 
tiplication problems paired twice with the respective 
correct solution and twice with incorrect solutions. 
On the latter two pairings, one presented solution 
was greater than the true product while the other 
presented solution was smaller than the product, 
except when the multiplication problem involved a 
zero term, in which case both pairings were larger 
than the true product. Hence, during each session, 
50% of the problems were paired with the correct 
solution. Furthermore, within each block, S saw 
50 problems with correct solutions and 50 problems 
with incorrect solutions. Excluding problems with 
zero terms, 50% of the negative-instance problems 
within each block had presented solutions which 
were larger than the true product and 50% had pre- 
sented solutions which were smaller than the true 
product. The decision to adjust either p or q in 
generating negative instances was randomly made 
by the computer just prior to the presentation of 
each negative-instance problem. Within blocks, 
trials were randomized within the following sequen- 
tial trial constraints: (a) No single digit could appear 
as p or q in two successive problems, e.g., 5 X 7 = 35 
could not follow 7 X 3 = 21. (b) No two probi 
having the same product could appear on successive 
trials, whether or not the product in question 
actually appeared with the respective problems, e.g., 
6 X 4 = 18 could not follow 3 X 8 = 32. These 
sequential constraints were added in order to mini- 


mize possible repetition effects. 

Procedure.— The Ss were run individually, with 
each session lasting approximately 20 min. The task 
was to answer whether or not the solution presented 
with a given multiplication problem was correct by 


g the appropriate switch and to answer ‘‘as 
, 


pres: 
quickly and accurately as possible.’ 

A 15-sec. interblock rest period was used. During 
this period, the word “REST” appeared on the 
screen. Within blocks, trials were conducted in the 
following sequence: (a) The word "READY" ap- 
peared on the monitor screen for .5 sec. within the 
imaginary rectangle mentioned above. (b) The 
screen was blank for .5 sec. (c) The problem-solu- 
tion pair appeared until.S responded. (d) The screen 
remained blank 1.0 sec. prior to the presentation of 
the next problem. However, if S responded incor- 
rectly, theabove sequence was modified in the follow- 
ing way, beginning with S's response: (i) The screen 
remained blank for.5 sec. (ii) The word “WRONG” 
appeared for 1.0 sec. where “READY” had appeared 
previously. (ii) The screen remained blank 1.0 sec. 
prior to the presentation of the next problem. 


700| 


RT (MBEC) 


a o 
olo ERROR 


SESSION 


Fic. 1. Mean RT as a function of session. 
(Filled circles and bars refer to negative instances, 
open circles and bars refer to positive instances.) 


RESULTS 


Figure 1 presents the mean latencies for 
correct responses, pooled over Ss, plotted 
Separately for positive and negative in- 
Stances as a function of session. Also pre- 
sented in Fig. 1 are the mean error rates 
for both positive instances (false negative 
responses) and negative instances (false 
positive responses). The overall mean error 
rate was .070. Individual S error rates 
ranged from .063 to .095. 

The data reported in the rem 
this section are based Solely on Se 
unless otherwise noted; j 
treated 
additior 
only 


ainder of 
ssions 2-6 
€, Session 1 is 
as a practice session for all Ss, In 
1, all reaction time data are based 
on Correct responses, 

Each § required more time, on the aver- 
age, to respond to negative instances than 
to positive instances, the range for Ss, 
pooled across Sessions, being from 28 to 56 
msec. Table 1 shows the mean reaction 
times, pooled over Ss and sessions, as a 
function of Positive and negative instances. 
(The SEs are based on the means for the six 
Ss) The 45.8-msec. mean difference be- 
tween positive and negative instances is 
significant, using a / test for dependent 
groups, / (5) — 7.09, p< .001. 
for negative instances, the 5.9-m 
difference betw 


However, 
sec. mean 
een problems whose dis- 
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played solutions were numerically ve. 
than the correct product and prog an 
whose solutions were smaller is not 
nificant, ¢ (5) = 1.73, p«.20. "s 
For purposes of further Analysis 
individual-problem reaction time date the 
partitioned into three sets based Ram. 
digits (P X g) composing each D for 
The three sets were: (a) all ya it 
which p and g were not equal and for W 1-8, 
neither p nor g was equal to zero M 
non-tie problems), (b) problems for v et 
p and g were not equal and amen ah 
were zero (Min 0, non-tie problems ieies)! 
(c) all problems with p equal to 4 b. 
The ties were removed from the other P a 
lems in order to facilitate compan 
results with the Parkman and Groen (1 I c 
addition results; in their study, ties er. 
found to have substantially faster reac om 
times than other problems and wed i 
jected to separate analysis. The M ue y 
non-tie problems were treated separa aa 
in the present study due to their Pa the 
pectedly long reaction times. In each oa 
three sets, the mean difference s 
positive- and negative-instance dae oe 
approximately equal to the value rep" ). 
above and was always significant (P ed 
Min 1-8, non-tie problems.—The | 
basic problems in this set were atc 
a function of each of the five struc an 
variables investigated by Parkman d 
Groen (1971), viz, the Min [min (^ Al 
the Max [max(p,9)], the Split |? “istic 
the Sum (5 +g), and Thomas's refine 
[log(p + q + 7) ], with p, q, and r de per- 
as above. Linear regressions were tura 
formed between each of these poe * 
variables and the mean reaction tim 


as 


TABLE 1 


>QgITIVE 
MEAN REACTION TIMES FOR poni 
AND NEGATIVE INSTANCES 


Instance type 


Measure 


Neg positive 
Larger Smaller Average aad 
M 636.2 630.3 633.3 Si 
SE 55.8 49.1 52.5 
: conds. 


: od in millise 
Note.—R action times are measured in n 
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TEMPORAL ASPECTS OF MULTIPLICATION AND COMPARISON 


TABLE 2 
INTERCORRELATION MATRIX OF STRUCTURAL 


nf a 
VARIABLES FoR 72 Basic MULTIPLICATION 
PROBLEMS 


Wa Oe eS nk aan bee 


TABLE 4 
N OF R? AND SLOPE ESTIMATE 
S L VARIABLES 
(NEGATIVE INSTANCES) 


Compa 
VALU 


Variable 1 2 | 3 | 4 
ERN UC || | | | 
500 
—.500 500 
Diois 866 — .866 000 
Statistic .808 — .788 A11 973 


te atious problems. Before turning to 
given th S, however, it should be noted that 
and the e design used in the present study 
tion, th set of 72 problems under investiga- 
intercore, peine variables are a priori 
gives re ated to varying degrees. Table 
; these intercorrelations. The rather 
w ation between some pairs of 
he ty ra variables simply means that if 
e si © variables in such pairs are found to 
ze licantly and about equally related 
Meda Don time, further research may be 
le y. to determine whether or not one of 
be Ariables’ significant relationship may 
-p te to spurious correlation. 
a able 3 shows the slope estimates and R? 
ues for each of the five structural vari- 
based on the 72 positive-instance 
S. Table 4 displays results from an 
stan al analysis using the 72 negative- 
d ice means. As can be seen in Table 3 
s able 4, the Min, the Sum, and 
Jupe. statistic all have strong relation- 
alles tle the reaction time data. dt can 
appr * Seen that these relationships are 
; a oximately equal for both positive- 
ance and negative-instance problems. 
e overall mean reaction time for these 


TABLE 3 


Comparison or R? AND SLOPE ESTIMATE 
VALUES FOR STRUCTURAL VARIABLES 
(PosrrivE INSTANCES) 


Slope estimate 


Variable R? 


18.7 msec/unit 
12.1 msec/unit 
—6.6 msec/unit 


10.3 meecóunit 


126.3 msec/unit 


Variable | LAN Slope estimate 
| 
Min 633 15.3 msec/unit 
Max .256 9.7 msec/unit 
Split .084 — 5.6 msec/unit 
Sum .565 8.4 msec/unit 
Thomas's .675 102.2 msec/unit 


problems, pooling over positive and nega- 
tive instances, was 604.5. msec. 

Comparing the results in Table 3 and 
Table 4 with the corresponding data from 
the Parkman and Groen (1971) study of 
simple addition, one finds a rather high 
degree of similarity in the pattern of ike 
values. However, there are two minor 
differences between these sets of data. 
First, problems with a Min of zero were 
not included in the analyses performed for 
Table 3 and Table 4 of the present study 
but were included in the corresponding 
analysis performed for simple addition. 
The reason for this action will be discussed 
below. Second, multiplication problems 
with a Min of one had lower mean latencies, 
relative to problems with higher Mins, than 
was the case in addition. 

This Min-of-one result can be seen in 
Fig. 2, where individual problem mean 
reaction times have been pooled and plotted 
as a function of the Min, with positive- and 
negative-instance data plotted separately. 
One consequence of these "fast" reaction 
times for Min-of-one problems in multi- 
plication is that the present set of data are 
fit by the Thomas statistic better, relative 
to the Min and Sum, than was the case for 
addition. (This result is especially en- 
hanced, given the current experimental 
design, because the smaller the Min the 
more individual problems having that Min. 
Hence, as the analyses performed for Tables 
3 and 4 are based on individual-problem 
means, the R? values are heavily influenced 
by problems with low Mins.) 

FE o pdt s set were also inves- 
IR reg à order effects, i.e, for 
problems of the form p x g to have reaction 
times differing from their symmetric pairs, 


RT (MSEC) 


a e E 
MIN 
Fic. 2. Mean RT for non-tie problems as a func- 


tion of the Min. (Filled circles refer to negative 
instances, open circles refer to positive instances.) 


4X p. Positive-instance problems were 
ge 3.3 msec. faster with the 
in the left position, but negative- 
instance problems were 1.3 msec. slower 
in this configuration. Neither result ap- 
proached significance, t (35) = -158, and 
t (35) = -085, both ps > .50, respectively, 

Min 0, non-tie broblems.—Parkman and 
Groen (1971) found that non-tie Problems 

ith a Min of zero had faster associated 
latencies than other non-tie Problems in 
<eeping with the general linear, increasing 
function they found between reaction time 
and size of Min. However, as can be seen 
in Fig. 2, this result was clearly not the case 
i as multiplication prob- 
ero had longer latencies 
veen true given such a 
the Min. Since the 


arer determina- 

Processing involved in non-tie 
problems, 

The overall mean for this set of problems, 
pooling over positive and negative in- 
stances, was 631.8 msec. As with the other 
non-ties, there was no significant order 
effect for these problems; ie., problems 
with a zero to the left of the multiplication 
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sign were not responded to significon 
faster or slower than problems with a 
to the right of the multiplication i 
Ties—For simple addition, I pie B 
Groen (1971) found that ties did Bm. 
tematically differ from one another in i. 
reaction time. However, in the ue fof 
study, there was a significant tender lad 
the multiplication ties to increase ir m 
tion time with an increase in the we 
multiplier (or multiplicand). An es Eo 
of the size of this increase in reaction lier 
with each additional increase in mu Kr 
size, based on linear regression and "d eu 
Over positive and negative cw 0, 
10.1 msec. per increment, F (1, 8) kt time 
b «.005. The overall mean reactior itive 
for the ties, again pooling over at 
and negative instances, was 600.7 msec. 


Discusston 


ask 
T form the tê 
The procedure used to perform 


ving 

required in this study can be viewed as ee 
four successive stages: a stimulus aii: 
stage, a stage in which the product is aot ir 
or retrieved (multiplication stage), a duct i 
which the computed or retrieved Da »arison 
compared to the third number ps P f 
stage), and a response execution $ ae 
these four Stages, only the second ar effect® 
will be discussed in this section as the sponse 
of the stimulus preprocessing and a ant 
execution stages were assumed to be Co actie 
throughout the study, except for Ds mul- 
effects, and to be noninteractive with th 
tiplication and comparison stages. > 

The primary purpose of this study simple 
investigate the processes ündenvi e task 
mental multiplication. However, f aration: 
used also involved a comparison Be wha 
An important question then becomes opera; 
extent can the effects of this m effects? 
tion be separated from tripla a 

To answer this question, it is E was ^ 
note that throughout the study E react 
consistent finding that no matter how alyzed 
tion times were partitioned BÓ, onge 
negative-instance means were a 
(usually by approximately 50 ve ET 
positive-instance means.  Howeve regressio, 
be seen from the results of d Table ^ 
analyses performed for Table 3 ression 
the slope estimates from linear roe UEa E 
the various structural variables! u and neg? 
were very similar both for positive- 4 


third 


was t0 


4 


| 


| 
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tve-instance data. In other words, the data 
po tive and negative instances have a con- 
When intercept difference, but similar slopes, 
‘ae viewed asa function of the various struc- 
variables investigated. 
Bost finding that the regression lines for 
ae ^s and negative responses differ in inter- 
Duos not in slopes is evidence that the 
a dif, es determining the slopes are affecting 
ise oe Stage than are the variables deter- 
ee d t i diflerence between intercepts, and 
ive d Processing durations of these respec- 
( ene are related in an additive manner 
ET erg 1969). The variables determining 
Dae (e.g., Sum and Min) are structural 
compelli, in multiplication. , Hence, there is a 
With th ng reason for associating these slopes 
imila, U “plication stage mentioned above. 
cept in the variable determining the inter- 
erences is the relation (same-different) 
? X qand r. It seems clear that this 
ae i associated with the comparison 
With Sioned above, although an association 
comp] € response execution stage cannot be 
P'etely ruled out. 
© comparison stage of the task used in 
5 "Ky can be viewed as a same-different 
ung Operation. The finding that “same 
3 require less time than ‘different 
(e. ' ds consistent with previous research 
Same ickerson, 1965), which has shown that 
S0 Matches for simple material are often 
Wit msec, faster than different matches. 
Most m Tegard to the multiplication stage, the 
Smita teresting finding is the high degree of 
times Y between the pattern of reaction 
Sim Tenn by Parkman and Groen (1971) for 
ptio addition and that found for simple mul- 
both a aoe in the present study. In particular, 
s TN i these studies found a strong relation- 
Su, tween reaction time and the Min or 
This finding is consistent with the 
addin: esis that the performances of simple 
o ition and simple multiplication are based 
agg Common underlying processes. Jf one 
kones that simple multiplication is per- 
thi cd by a memory retrieval operation, then 
5 close connection between multiplication 
no, addition seriously questions the counting- 
el explanation of simple addition offered 
Hos arkman and Groen, That is, simple addi- 
to be old now also appear, at least in adulis, 
. 48ed upon a memory retrieval operation. 
;, ven a 
Simpl 
the p 
per, 


Ypoth 


memory retrieval explanation of 
* addition and multiplication, how are 
eaction time effects associated with both 
ations to be interpreted? A number of 
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possibilities exist which, due to the fact that 
very little data are available as to just how 
information is accessed and retrieved from 
long-term memory, must at this time be offered 
as conjectures only. 

One possibility, briefly mentioned earlier, 
is that these effects are associated with the 
calculation of indexes used for memory re- 
trieval. Such indexes, or cues, might either 
provide the memory location (address) of a 
desired number fact or might be used in a 
content-addressable fashion to locate the de- 
sired fact directly. The counting model of 
addition proposed by Parkman and Groen 
(1971) can easily be modified to encompass a 
memory retrieval operation and still be con- 
sistent with their data if it is assumed that (a) 
the model generates a retrieval index, rather 
than a sum, and that (6) the time for a memory 
retrieval operation, using the index so gen- 
erated, is independent of the actual index used. 
The reaction time differences among the 
various simple additions would thus stem only 
from the differences in the times to set up re- 
trieval indexes for these problems. In the 
same way, solutions to simple multiplication 
problems may be retrieved by use of such an 
index, calculated in the same manner as for 
simple addition, i.e., calculated in the manner 
described by the Parkman and Groen counting 
model. Again the time needed for a memory 
retrieval operation, after the index has been 
calculated, is assumed to be independent of the 
actual index used. Thus simple addition and 
simple multiplication, both based on common 
indexing and retrieval mechanisms, would be 
expected to display very similar reaction time 
effects, a result indicated by the present study 
and the earlier study of simple addition. 

Another possibility is that simple addition 
and simple multiplication reaction time effects 
result from the memory retrieval operation 
itself. For example, perhaps the addition and 
multiplication "tables" are stored as hier- 
archical networks in long-term memory and the 
time to retrieve a given solution is a function 
of that solution's location in the network (due, 
pe to linear, terminating searches through 
EP If this is true and if the networks for 
icum and multiplication are similar, 
* ar patterns of reaction times for 
ing the two types of 
expected. 

The long latencies of problems in which 
either p or q equaled zero may be attributable 
to Ss handling these 


then 


perform- 


operations would be 


; t Problems in a manner 
quite different from thàt used for the other 
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problems. In solving Min 0 problems, Ss may 
have (unconsciously) used a rule similar to: 
"If a zero appears in the problem, generate a 
zero for the answer," while using a different 
process (perhaps memory retrieval, as sug- 
gested above) for non-Min 0 problems. Such 
an "explanation" is, at present, only conjec- 
jecture but is at least consistent with the fact 
that teachers often introduce the "zero mul- 
tiplication facts" later than the 
problems of multiplication. 

Apparently, reaction times for multiplication 
ties do not systematically differ from non-tie 
problems, at least not in the manner found by 
Parkman and Groen (1971) for addition. 
Hence, in multiplication it may be that ties 
and most non-ties are performed by means of 
identical processes, whereas in addition such 
problems may well be performed quite differ- 
ently from one another. 

Further evidence of the close relation be- 
tween simple addition and multiplication reac- 
tion times has been recently reported by Park- 
man and Cavanagh (1971). Using a within-Ss 
design, they found that the mean reaction 
time difference between simple addition and 
multiplication amounted to only 19 msec., 
with multiplication requiring the longer latency. 
In fact, for the six Ss tested, no S deviated 
from this mean difference by more than 18 
msec. Henceit would appear that simple addi- 
tion and multiplication are closely related not 
only in pattern of mean reaction times, but 
also in performance duration. 


other basic 
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SHORT REPORTS 


TIME ESTIMATION AND THE INTERSTIMULUS INTERVAL FUNCTION 
IN CLASSICAL CONDITIONING! 


KURT J. TELLER, RICHARD DIETER, Axp MILTON D. SUBOSKI? 


Virginia Polytechnic Institute and State University 


The Ss estimated time by pre: 


of two lights. The interval between the lights w: 


ng a key just prior to the onset of the second 


2,4; «8; 126, 3:2; 6:4, or 


12.8 see. for groups of Ss. Accuracy of time estimation was best at the .4-sec. 


interval. In a second experiment, time estimation was good for a .6-sec. 
Time estimation remained good for a 


interval, poor for a 2.5-sec. interval. 
group which began es 


shifted to the 2.5-sec. interval. The re 
hypothesis that time estimation process 


mating at the .6-sec. interval and was then progres: 


ively 
ilts were interpreted as supporting the 
are important in determining inter- 


stimulus interval effects in classical conditioning. 


(Proka 1965; Prokasy, Ebel, & 

Pson, 1963) has suggested that time estimation 
we ; 5 are important in the acquisition of classical 
h ditioned r sponses (CRs). "The time estimation 
n SIS is based on the assumption that S must 
R to occur close to the UCS so that the re- 
Properties of CR-UCS overlap are maxi- 
ccording to the hypothesis, the decreasing 
conditioning that are ob 


S ol 


5 ned when the 
: rstimy 


al v. lus interval is increased beyond the opti- 
of p ue are the product of the increasing difficulty 
rt fr stimation. This hypothesis receives sup- 
om investigations of time estimation. Wood- 
Accus D) reported that time estimation is most 
p for durations of approximately .6 sec., with 
Shorter Ely less accurate estimation for longer or 
Conditi, durations. Many investigations of classi al 
Cs yy ning have reported optimal conditioning at 
19 S intervals close to .6 sec. (e.g., Kimble, 
Another factor that could account for at 
fh art of the poorer conditioning at inters imulus 
(RT als below the optimum is simple reaction time 
an di Mean. RTs are on the order of 140-180 msec. 
(Woo qributions of RTs extend beyond 200 msec. 
Stimul Worth & Schlosberg, 1954). Thus, inter- 
Creag: Us intervals below 200 msec. would be in- 
Uce gly detrimental to the occurrence of CR- 
Overlap. 
th Xperiment I was intended to investigate directly 
aa Ime estimation hypothesis using a procedure 
“ogous to the classical conditioning paradigm. 
Vole tigations of time estimation have typically in- 
aes judgements of the relative lengths or two Hs 
Igg as or the reproduction of an interval (V oodrow, 
ju In Exp. I, Ss were instructed to press a key 
Tas Prior to the end of an interval marked by the 
cessive onset of two lights. i 
Prok asy et al. (1963) gradually shifted the inter- 


Een o E: 


‘Thi i by funds from the De 
[7 his research was supported by funds fr. he Department 
Psychology of Virginia Polytechnic Institute and State Uni- 


oftsity and by Grant A0244 from the National Research Coun- 


anada, " 

uests for reprints should be sent to Milton D. Suboski 
now at the Department of Psychology, Queen's Unt 
, Kingston, Ontario, Canada, 
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stimulus interval from a value (.6 sec.) yielding near- 
optimal levels of eyelid conditioning to a distinctly 
nonoptimal value (2.5 sec.). They found that the 
percentage of conditioned responses by this group 
remained equivalent to a group conditioned at the 
-6-sec. interval throughout. Furthermore, when the 
-6-sec. group was abruptly switched to the 2.5-sec. 
interval at the end of training, performance dropped 
immediately to a level equivalent to that of a group 
conditioned at the 2.5-sec. interval throughout. 
These results were interpreted (Prokasy, 1965; 
Prokasy et al, 1963) in terms of "shaping" ap- 
propriate time estimation in the shifted inter- 
stimulus interval group and a failure of accurate time 
estimation to develop in the abruptly shifted group. 
The results of Prokasy et al. (1963) provide for a 
powerful test of the time estimation hypothesis using 
the time estimation analogue to classical condition- 
ing. Experiment Il was intended to determine 
whether time estimation could be "shaped" in the 
same way as were the classical CRs of Prokasy et al. 

Method—The Ss were 50 male and 50 female 
students in introductory psychology at Virginia 
Polytechnic Institute and State University, partici- 
pating in the study for extra class credit. 

The S was seated at a table with a flat-black ply- 
wood panel in front of him. The panel was 77 cm. 
wide, 31 cm. high, and contained two neon bulbs 
(NE 51), 77 mm. apart, centered 30 cm. above the 
base. A telegraph key was mounted 22 cm. directly 
below the lights. The light durations were con- 
trolled um a Lafayette timer (Model 504A), and re- 
sponse latencies were recorded on a Lafayette st 
clock (Model 50807). The E was bp Ae 
Poen A6 me eee inioated trials with the toggle 
ES mer, which made a soft click, audible 

In Exp. I, five male and five 
stimulus geome toe ere 
lus interval was ie i SSBB Ce The interstimu- 

tie E e interval between the ons 
the left light and the onset of the ri P 
right light was always on duri the right light. The 

n ring the intertrial inter- 


female Ss were 
n different inter- 
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At the start of a trial, the right light went out 
and the left light simultaneously came on. The left 
light was on for the duration of the interstimulus 
interval and then went out and the right light sim- 
Each S received 100 trials at 
intertrial intervals selected randomly from 10, 15, 


At the start of the session, each .S was read the 
following instructions: 


Please listen carefully to the 
You are participating in an experiment on time 
estimation. The panel in front of you contains 
two small lights and akey. Most of the time the 
right-hand light will be on. From time to time 
the right-hand light will Eo out and the left-hand 
light will come on. Your task is to watch the two 
lights carefully and press the key firmly just be- 
forethe right-hand light comes on each time. It is 
important that each time you press the key, you 
hold the key down until the right-hand light comes 
on. Remember, each time the left-hand light 
comes on, you are to attempt to press the key just 
before the right-hand light comes on, You will 
have made a correct response each time that you 
have pressed the key as close as Possible to the 
time when the right-hand light comes on. You 
will have made an incorrect response if the right- 
hand light comes on before you have Pressed the 
key. Do you understand what you are to do? 
Okay, please tell me what you are supposed to do, 
Remember, it is very important that you hold the 
key down each time that you press it until the 
right light has come on, Okay, here we go. 


In Exp, II, five male and five fe 
domly assigned to each of three gr 
procedure and instructions of Exp. 
Group S received 180 trials with intersti 


following instructions. 


loo 
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"als as follows: 20 trials at .6 sec., 20 at .8, 25 an 
25 at 1.25, 30 at 1.6, 30 at 2.0, and the last 30 iale 
at a 2.5-sec. interval. Group 2.5 received 1d 
at a 2.5-sec. interval, and Group .6 had a | trials 
interval for the first 150 trials and the last 30 ES 
ata 2-Sec. interval. The interstimulus inte 
values and numbers of trials correspond to tho 
by Prokasy et al. (1963). At each internt ua 
interval change, Ss in Group S were given a Eu 
about 1 min. while E changed timer settings. Eu 
breaks were given at the same points in the se 
to Ss in the other two groups. ntage 
Results of Exp. I. ‘igure 1 displays perc nulus 
of “correct” responses as a function of interstin cor- 
interval for two different criteria for defining i re- 
rect response, The upper curve includes bons 
sponses within the interstimulus interval and sl rre 
that except at the 2 sec interval, responses OE y 
within the interstimulus interval on approxima per- 
90% of the trials at all intervals, The lower Ur. 
centage of responses within the interstimulus arun 
val at the -2-sec. interval Probably reflects ney this 
cation of the distribution of reaction times à shen 
The lower curve shows the function inter” 
only responses within .4 sec, of the end of the snows 
val were scored as correct, This function y de- 
that the accuracy of time estimation sharp i 
creased beyond the -4-sec. interval. Analy s. re 
variance was conducted on percentage cor ean 
sponses in blocks of 20 trials for the .4-sec. Of. intef* 
"his analysis revealed significant effects Y Jocks 
stimulus interval, F (6, 63) = 14.32, 2 252) 
F (4, 252) = 16.78, and the interaction, F (24, e^ 
— 2.03, all bs < .01. 


The effect of trial blocks 
flected the general improvement in accuracy that 
trials. The interaction resulted from the D 
improvement in accuracy was greatest at the i! 
mediate (1.6-, 3.2., and 6.4-sec.) intervals. 


ef 
Ce eS, 


1.6 
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INTERSTIMULUS INTERVAL (SEC) 
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BLOCKS 
| 7 stil s interval 
age of responses between .17 rstimulus inte rva 
interstimulus interval, (T| r d between 
for Group S (shifted ISI). nterstimulus interval wa 
E ISI) only between Trial Blocks 6 and 7. Group 2.5 (2.5. 
a 2.5-sec, inte timulus interval.) 


EP. T 

for a Mean Standard deviation of response latency dropped substantially after the shift to the 2.5-sec. 
trial bi cc *rStimulus interval group safunction of — interval. Analysis of variance conducted on just 
Paria pic S was also examined (not shown). The the seventh trial block data failed to yield a signifi- 
functio ity of response latencies was an increasing cant groups effect, F (2, 27) = 3:22) However, Or- 
ang de, n of Interstimu]us interval, F (6, 63) — 18.35, thogonal compariso; showed that Group 2.5 and 

| With th cased across trial blocks, F (4, 252) = 14.03, Group .6 combined d red from Group S, F (2,.27) 
of in Ps “mount of decrease an increasing function = 6.15, p < .05, whereas Group .6 did not differ from 
bs op mulus interval, F (24, 252) = 2.36, all Group 2.5 (F = .27), 


c eons Discussion —Experiment I clearly 


showed that 


gal. (1994 Exp. II.—To correspond to the Prokasy the accuracy with which. Ss can an cipatorily re- 
ped üs 15 Procedure, correct responses were de- spond toa gnaled event is à function of interstimu- 
‘Sinn, NOse Occurring between .17 sec. after the — lus interval, with the greatest accuracy between in- 
of the ins 9f the interstimulus interval and the end  terstimulus intervals of .2 and These results 


Corp, terval, Figure 2 resents the percentage of are in agreement with previous invi zations of time 
ECE re. I p ge in ag ith p g 

Of tria] b SPonses for the three groups as a function estimation (c.g-, Woodr 1951) and supportive of 

Ste qo Clocks. The trial block groupings of Fig. 2 Pro (1903) sug E qi ation 
se at which interstimulus interval proc are import in determining e tor 

Rig > Were aoe Anahi is : of stimulus interval function in classical conditioning 

S. 2 Ge tun Graur 4 i «eletally ediated respons As required by 

lOws that Group S performed at a slightly of skeletally media s y 


h i i stimati "pothesis, accuracy of time 
this evel than Group .6 during the first trial block. the time ary = I me e d Sire 
two Sac "ance difference since the treatment of the estimation was best a e s s a 


8rou i ice i st trial block. that yields the highest level of classical conditioning. 
EU eR a dudar the Ruso in inter- Furthermore, the present finding that the Standard 
aa us interval received by Group S, their ac- deviation of time estimates Was an increasing func- 
of racy o time estimation remained superior to that tion of interstimulus interval is similar to the results 
Super "D .6, and both groups were considerably of Ebel and Prokasy (1963) for the latencies of eye- 
d perior to Group 2.5. Analysis of variance of the lid CRs. Feis : " . 
signi from the first six trial blocks revealed only a In Exp. 1I, the effects on time estimation of gradu- 
Don cant groups effect, F (2, 27) = 3.92, p < .05. ally increasing the interstimulus interval were highly 
lea. ? trial blocks and the interaction yielded F ratios similar to those of Prokasy et al. (1963) for the ey 
LT Unity, Analysis of the groups effect by orthog- lid CR of huma 5 and those of [ rokasy and Papsdorf 
Stroup mParisons indicated that Group S and (1965) for Em Hine tating membrane CR of rabbits, 
and cô did not differ (F — 1.04), but that Group Clearly, the al sity of Ss to estimate time accurately 
tom [uu combined Were significantly different long ep mu a aes can be "shaped" by 
The Neon en) = 6.81, p UN: eginning a a interva favorable to time estima- 
3 Y of time ‘timation by Group .6 tion and gradually increasing the interval, The im- 


ww" 
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portance of the shaping procedure is shown by the 
fact that an abrupt increase in the interstimulus 
interval led to an immediate and substantial decre- 
ment in the accuracy of time estimation. This result 
is also similar to the effect of an abrupt increase in 
the interstimulus interval in human eyelid condition- 
ing (Prokasy et al., 1963). The rather remarkable 
similarity between eyelid conditioning and time 
estimation effects strongly suggests that time esti- 
mation processes are an important determinant of 
classical conditioning levels, and particularly the 
interstimulus interval function. The fact that time 
estimation appears to be important in classical con- 
ditioning only very indirectly supports the hypothe- 
sis that the reinforcing properties of CR-UCS over- 
lap are of primary importance in the acquisition of 
classical CRs. Nevertheless, it does not appear 
likely that any alternative theoretical formulation 
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The effects of vicarious reinforcement (VR) and model's behavior on Ss’ 


imitation of the mode 
were investigated in a 
Kanfer and A. R. M 
alternation with a ta 


operant period which preceded 
Results indicate that Ss have 
or not the model is reinforced 
list content rather than VR 
during acquisition. 


acquis 


In a verbal conditioning study, Kanfer and Mars- 
ton (1963) investigated the effects of vi arious and 
direct reinforcement (VR and DR) on Ss frequency 
of emitting critical responses (human nouns). The 
5s gavea word on signal in alternation with the tape- 
recorded voices of models (Ms) who were, in some 
conditions, reinforced (VR) with E's spoken “Good” 
following critical responses (CRs). DR consisted of 
the word “Good” spoken by E when S said a critical 
word. The Ss in four experimental groups heard 
tape recordings in which the frequency of critical re- 
Sponses Increased with VR, DR, both VRand DR, or 
neither one (NR). The Ss in two control groups 
heard tapes in which the frequency of CRs remained 


aden te author wishes to thank sincerely Ronald Cohen for his 
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l's performance and learning to give critical responses 
verbal learning situation similar to that used by F. H. 
arston in 1963. In acquisition, S said single words in 


1 pe-recorded model. The model was either reinforced or 
was not reinforced for saying critical word: 


or held constant his critical response ra 


s, and he either increased, decreased, 
te. No model was heard during an 


ion or in extinction following acquisition. 
a strong tendency to imitate a model, whether 
or is successfully learning the task. The model's 
accounts for Ss’ change in critic 


‘al response rate 


and one 

low and constant throughout, one with DE ee PA 
with NR, while two more control groups n sign?" 
tape recording but simply gave gorda 
again one with DR and the other with N d 

It was found that VR greatly facilitate is P 
in this task: Percentage of critical dert of Dr 
perimental VR groups was at least twice ened rio 
other experimental groups, both during durin 9i 
of alternation with the recorded Ms an dition ne 
extinction period which followed. The ect: rR 
DR did not’ significantly enhance this e with? E 
group which heard the same tape recording a Td 
also showed an increased CR rate, showite © te d 
is some effect due simply to M's CR ro ere 
crease, however, was much smaller than 
of the VR groups. 

Ina subsequent study, Marston an à 
demonstrated that while the number 0 


lear! ex 
S 


3) 
196° 


ning | 
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effect, the 


[ Proportion of VR was an important 
determin; 


N ant of Ss’ CR frequency. The omission of 
NR conditions, however, made it impossible to verify 
their earlier finding that Ss’ increased CR rate was 
due toVR rather than simply to M's CR rate. Such 
à verification was attempted by Phillips (1968), who 
Teplicated two of the conditions used by Marston 
and Kanfer (1963) with the addition of a control for 
Bion (defined as an increase in CRs attributable 
Cp Y to the observation of a nonreinforced M whose 
bres yi nine Phillips found no difference be- 
e em X and NR groups; Ss imitated M regardless 
Whether or not M was reinforced. 
mess aim of the present study, then, is to gather 
ud evidence either to support or to refute the 
iginal Kanfer and Marston (1963) finding that VR 
Ewing M's CRs facilitates an increase in Ss GR 


L In another study, Marston (1964) varied condi- 


Wii ee prm dolos an acqui tion period in 
i iS CRs increased and were each followed by 
re fot extinction there were four conditions: In 
origin, the M's CR rate gradually decreased to its 
with Ni e one with VR continuing and the other 
initsedt i dn the other two, M's CR rate dropped 
dons lately toa low level and remained constant, 
Sd With VR in one case and NR in the other. 
: TN for those Ss who heard VR in extinction, the 
Slee ee between acquisition and extinction lay 
th: Yina change in M's CR rate. Marston found 
that In extinction all Ss matched M's CR rate, that 
E VR in extinction had no effect, Marston sug- 
Eested that the preliminary acquisition period (with 
Increa ing M CR rate and VR) was necessary to es- 
tablish an imitation set which, once established, is 
not weakened by withdrawal of VR. 
e result obtained by Phillips (1968), however, 
pits, Such an intepretation in some doubt, since 
hillips’ control Ss followed M in increasing their 
ay. l'üle with neither concurrent nor previous VR. 
Thus the second aim of the present experiment is to 
*XPose Ss to conditions similar to those in the ex- 
tinction phase of Marston's (1964) study (i.e., with 
M's CR rate decr easing or constant, with or with- 
9ut VR) without the previous experience of his ac- 
Wisition phase (M's CR rate increasing, with VR). 

Method.—Tape recordings with an increasing, de- 
creasing, or constant CR rate were used, with the 
Prerecorded CRs either reinforced or not. Thus 
lere were six conditons: three types of list (I, D, 

) X two levels of reinforcement (VR, NR). Within 
*àch condition, half of the Ss heard one set of words 
Spoken by a male M, while the other half heard a 
Second set of words spoken by a female M. For all 

R conditions, the reinforcer was “Good” spoken by 
7's voice following M's CR on the recording. 

The words used in the recordings were taken from 
Thorndike and Lorge (those having a frequency ofat 
Cast 50 per million). These were divided into two 
Categories, human nouns and other words, discard- 
ing ambiguities, proper nouns, contractions, articles, 
and prepositions. Each word list consisted of 100 
Words, of which 3 5 were human nouns. The I lists 


1 
Hre hun t 


ea Eds RUDY PE HUI y , 
Consisted of words from the two categories, chosen 


449 


randomly within the constraint that 1 human 
noun appear in the first block of 10 words, 2 in 
the second block, and so on, with the last block con- 
taining human nouns exclusively. The position of 
the human nouns within a block was randomly de- 
termined. The D lists were simply the I lists re- 
versed. Each C list consisted of the words from the 
corresponding I list randomly scrambled, with the 
constraint that either 5 or 6 human nouns ap- 
pear in every string of 10 consecutive words. 

Instructions to S were recorded at the beginning 
of each tape, after which S was signaled to say a 
word once every 6 sec. for 200 trials. During the 
acquisition period (the middle 100 trials), M's in- 
tervening word was recorded 3 sec. before S's signal, 
followed by VR when appropriate. The extinction 
period was followed by further instructions (to fill 
out a questionnaire) and the termination of the 
experiment. 

The tapes were played to S on a Sony stereo tape 
recorder (Model TC-252) via earphones. His re- 
sponses were tape recorded and also recorded in 
writing by E. 

Ten Ss were used in each condition. A total of 62 
Ss participated in the experiment, but protocols from 
2 of them were discarded because they emitted fewer 
than 95% of the required respons All Ss were 
undergraduate psychology students at the Univers- 
ity of Toronto. 

Once settled in a 
structed that he was participating in a “word study, 
that he was to say any single word that came to mind 
each time he heard the signal, which would be once 
every 6 sec., but that he should avoid saying phrases 
or proper names. He was also told that part of the 
time he would be "taking turns with someone else 
who will be going the same thing," and that during 
this time he would hear one of his (her) words 
through the earphones before each of his own signals. 

At the end of the 200-response sequence, S was 
asked to turn on the light and to answer a question- 
naire. To the five questions used by Marston and 
Kanfer (1963) were added three more concerning his 
perceptions of M's behavior and of any conflict he 
felt in choosing his own words. After the question- 
naire was completed, S was told the nature and pur- 
pose of the experiment and any questions he had 
were answered. 

Results and discussion.—Each S's protocol was 
scored in 20 blocks of 10 response opportunities each. 
Failures to respond and ambiguous responses (i.e., 
responses which might or might not be intended as 
human nouns, e.g., son-sun, aunt-ant) were dis- 
carded, and each block was scored as a proportion 
of human nouns out of all remaining words, 
was no tematic variation in the 
Sens: s not given, and only 2% of the responses were 
missed or discarded. Table 1 shows the s fs 
mean proportions for each block of 10 responses, ex- 


cept that the 50 operz ials g " 1 3 
bloek. Perant trials are combined into one 


Three separate analyse 
formed, Using the are 
S's CR proportions, to 


mall darkened room, S was in- 


There 
number of re- 


ses of variance were per- 
sine transformation of cach 
test for effects of list type, 
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TABLE 1 
MEAN PROPORTION or CRs ny EXPERIMENTAL CONDITION 
Extineti cks 
Oper- Acquisition blocks Extinction blo 
ant 
Group | $36 : , F F 
trials) 1 2 3 4 5 6 7 8 9 10 1 2 aa 
17 | 15) e 
206. por po [iae us | «x 34 | .33 | .20 42 9 ‘06 | 0 
E XR s10 [6 p is | ao Ws | dz 229. ee .08 ape 710 06 
D.VR | i04 | 232 | 320 | 230 | 28 -20 s43. | b | zio 13 :07 | los IEA 
DNR | ‘06 | 332 | 25 | ‘37 | “37 .24 .12 | .06 | .06 .08 ‘is | 9 | 
C VR | :05 | 20 | 24 | 28 | 129 .19 26 | .26 | 26 .09 “As 07 | -05 
ČNR | (06 | 318 | 29 | 358 | 332 | 25 23 | 330. | cag NUI i 4 


Note.—For acquisition blocks, 10 trials each ; for extinction blocks, 10 trials each. 


reinforcement, and blocks in acquisition and in ex- 
tinction, and to test for effects of list type and rein- 
forcement on changes in overall CR rate between 
operant and extinction periods. In each of the six 
conditions, approximately 23% of the unambiguous 
words emitted during acquisition were human nouns, 
with no significant differences among groups. The 
distribution of CRs over acquisition blocks in each 
condition resembled the distribution followed by M 
for that condition, although, since Ss gave fewer CRs 
than did their Ms, the group CR rates fell far below 
Ms' levels, (Overall, Ss gave 42% as many CRs as 
did Ms. Inspection of the graphs presented by 
Kanfer and Marston [1963] and by Marston and 
Kanfer [1963] suggest that similar measures for 
their Ss all fall between 40% and 60%. Phillips 
[1968], on the other hand, had Ss giving 165% the 
number of taped CRs in one experiment and 70% 
in another.) The single significant difference 
among distributions proved to be the difference 
during acquisition attributable to M's change in CR 
rate (List Type X Blocks interaction), F (18, 531) 
= 6.71, p < .0005. There were no significant dif- 
ferences in extinction; VR did not affect perfor- 
mance either in acquisition or in extinction. 

This finding corresponds to that of Phillips (1968), 
who obtained an imitation effect but no VR effect, 
putting in further doubt the original Kanfer and 
Marston (1963) result, Like Phillips’ result, it sug- 
gests that Marston (1964) was wrong in suggesting 
that an acquisition period with VR is necessary for 
the establishment of an imitation set. (Note that 


vith 
Marston's extinction period is to be compared M 
the present acquisition period: Both have D ond 
list types crossed with VR versus NR. ; The prm 
study omits a preceding period of I list type is 
VR in order to determine whether such a Latte abe 
necessary in order to establish imitation in the 
sence of VR.) them- 
The questionnaires revealed that Ss saw © put 
selves as associating rather than as muta ioe m 
these two strategies cannot be objectively 23 in 
guished, given the critical class used in this s. 
earlier experiments, because while common asd 
ations to human nouns are related human na 5 
(e.g., father-mother, painter-artist), other MU 
elicit human noun assciations only rarely- P RIS 
experiments thus far have used human nouns, i 
simply suggests that we do not know whe ae 
strong imitation effect reported here and by Ph d. 
(1968) is independent of the critical category use 
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D. J. Levis reported in 1971 that human Ss presented a serial CS procedure 
(Sı followed by S+) of 800 msec. or longer in a conditioning paradigm produced 
slower finger-withdrawal avoidance responses than Ss presented a nonserial 
CS procedure. Using a slightly different procedure, this study provided a 
replication and a further test of the generalization. decrement hypothesis 
Offered in the Levis study. The components of a nonserial simultaneous 
compound CS (S,S;) and a serial compound CS condition ($1/S;Ss) were 
separately conditioned via an escape procedure before being combined into 
their respective conditions. It was predicted that for the serial CS group the 
above procedure would attenuate or reverse the response latency difference 
noted previously between the two CS conditions. The data support the above 


prediction. 


A ia recent study, Levis (1971) compared the 
ER of serial and nonse ial CS presentation in the 
conditi of a delayed avoidance finger-withdrawal 
Hn toning paradigm. The nonserial cs manipu- 
Was ee! ted of a constant light stimulus that 
iene ee for the duration of the CS-UCS 
two he The serial CS manipulation consisted of 
Prese orently colored light stimuli which were 
es 4 nted sequentially, with the onset of Ss occurring 
shock midpoint of the CS-UCS interval. Electric 
iS Served as the UCS. At the longer CS-UCS 

‘erval lengths (800 and 1,200 msec.), the nonserial 
jum 5s produced faster response latencies than the 
prial CS Ss, while at the shorter CS-UCS interval 
*ngths (300 and 600 msec.), the latency difference 
etween CS conditions was eliminated. 

, The above finding was interpreted from a con- 
ditioning framework. It was hypothesized that the 
qe associated to the first half of a given CS-UCS 
nterval is dependent upon at least three factors: 
d the temporal proximity of this CS segment to 

© onset of the UCS; (b) the stimulus similarity of 


the » : 
Ne first Segment to the second segment which was 
Paired 


t T 
Manipulation, In horter 
tervals Factor 1 was reduced resulting in an 


Enhancement of fear generalization from S» to Sj. 
Although the shortening of the CS-UCS interval 
e lectively reduced the response latency difference 


i Donald J. Levis, 
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between serial and nonserial procedures, the hy- 
pothesis outlined above suggests that similar results 
would be obtained as a consequence of any operation 
which facilitated the conditioning of fear to S; in 
the serial condition. As a further test of this 
hypotl the present experiment employed a 
converging operation designed to enhance condition- 
ing of fear to S; in the serial procedure. The enhance- 
ment procedure consisted of conditioning Ss to Sı 
and S» separately before combining the two stimuli 
serially in an instrumental avoidance situation. 
"This procedure should augment the amount of fear 
to the separate components when combined in a 
serial order and thus diminish the response latency 
difference obtained at long intervals between serial 
and nonserial procedures. 

Method.—The study to be reported involved a 
separate replication in order to insure reliability 
of results. The Ss in Replication 1 were 64 male 
volunteer undergraduate students obtained from 
the introductory psychology course research pool 
at the University of lowa. The Ss in Replication 2 
were 64 male voluntary undergraduate students paid 
$1.25 for their 1 hr. of service. 

Each .S was seated in a dimly illuminated room 
in front of a table upon which was mounted a panel 
board. Attached to the board were one red and one 
blue 115-125-v., 25-w. lamps horizontally arranged. 
The .S’s response unit consisted of a telegraph key 
attached to an aluminum plate. Electric shock was 
generated by a 60-Hz. 120-v. ac source stepped up 
by a high-voltage transformer to 750 v. The shock 
was administered through a copper disk on the 
surface of the response key and the aluminum plate 
on which .S rested his hand. Programming equip- 

* P 
ment and TOR located in an adjoining room A 
more detailed description of tus ud 
found in Levis (1971). the apparatus pos 

The procedure closely paralleled that used by 
Levis (1971) for the simultaneous com pound (S ES 
and serial compound (33/5184) CS Pencil. in 
ge sel of a red and blue light on the panel 

oard served as the € Phe shock source, which 
provided the UCS, w set to produce 3.65 ma, 
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(rms.) of current. The CS-UCS interval was 800 
msec. The Ss were instructed to respond by re- 
moving the index finger of their dominant hand from 
the telegraph key. They were first told their task 
was to respond after shock onset. They were then 
given two escape trials which was the mean number 
of escape trials made by Ss in the Levis experiment ; 
next, they were instructed that their task was to 
avoid shock. Unknown to them, shock was dis- 
continued at this point. These extinction trials 
continued until Ss either responded on three con- 
secutive trials with a latency of 2,800 msec. or 
reached a total of 100 extinction trials, whichever 
occurred first. A response in the extinction phase 
of the experiment immediately terminated the CS. 
Four groups of 16 Ss were tested during each 
replication. The CS manipulation for Groups 1 
and 2 involved the same manipulation for both the 
escape and extinction phases of the experiment. 
Group 1 (SiS. — S,S;) Ss were exposed in both 
phases to the simultaneous presentation of two CS 
lights. Group 2 (S:/SiS: — $,/SiS:) Ss were pre- 
sented a two-component serial compound CS for 
both the escape and extinction trials. The first 
stimulus, Si, came on with the start of the trial 
and remained on until a response was made. The 
onset of Ss occurred at the midpoint of the CS-UCS 
interval (400 msec.) and remained on with S, until 
a response was made. The Ss in Groups 3 and 4 
were exposed to a different escape procedure. 
Group 3 (Sı, Sz — SiS») Ss were presented one of 
the CSs for one escape trial and the other CS for the 
second escape trial. In extinction they received 
the simultaneous Presentation of both CSs on each 
trial. Group 4 (Sj, S, — S1/S1S:) Ss were presented 
one of the CSs for one escape trial and the other CS 
for the second escape trial. In extinction, the two 
CSs were presented in a serial compound order in 
the manner of Group 2. Both the lamp color and 
order of CS presentation were appropriately counter- 
balanced within each group for both the escape and 
extinction phases of the experiment. The left 
socket on the panel board always held the lamp 
which served as S; for the serial condition. The 
order of running Ss was determined randomly. 
Resulls.—One S in Replication 1 who requested 
the experiment be terminated after one shock trial 
Was discarded and replaced. All Ss experienced 
two shocks resulting in the following mean shock 


durations, combining replications, for Groups 1, 2, 
3, and 4 of .192, .198, 


None of the comparis 
Group X Replication interaction approached s 
cance, 
cant, F (1,120) = 128.4, p « .001. The Ss in 
Replication 2 responded faster on escape trials. 
The extinction indexes analyzed were (a) number 
of extinction trials and (b) mean response latency. 
In Replication 1, 4 Ss in Group 2 and 2 Ss in Group 
3 failed to make one response latency less than 800 
msec. The immediate extinction of these Ss presents 
a problem in analyzing Index b since their inclusion 
spuriously inflates Ss’ latency data. This was not 
a problem in the Levis (1971) study since all Ss 


made responses below 800 msec. before extinguish- 


ignifi- 
ignifi- 
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ing, and the three criterion extinction trials (atone 
over 2,800 msec.) were eliminated from the ELS Led 
To provide a comparable analysis, both = ae 
of the present study were evaluated for the fas Be 
12 Ss in each group (defined by their mean ue 
latency) for each replication. The mean nung r 
of trials to extinction for Groups 1, 2, 3, ane 
combining replications, were 70.6, 72.8, 7 ». nr 
82.3, respectively. None of the groups rolled 
differed from each other, nor was the repli 2 
factor or Groups X Replication interaction SIE 
cant. The lack of reliable differences be 
groups is not surprising in light of the finding t i 
74% of the Ss analyzed failed to extinguish PAM 
the 100th trial. Sixteen Ss in Group 1 and in Gre id 
2, 18 Ss in Group 3, and 21 Ss in Group 4 We! 
terminated after Trial 100. 2, 3; 

The mean extinction latencies for Groups 1, 262 
and 4, combining replications, were .355, .469, - ed 
and .289 msec., respectively. Separate pine 
comparisons between Groups 1 and 2, 1 and 3, Per 
2 and 4 were made. Group 1 Ss produced jas 
response latencies than Ss in Group 2, FG, bly 
= 4.94, p < .05. Group 1 and 3 Ss did not relia ES 
differ in response latencies, while Group 4 SERM 
duced faster response latencies than Group 2 tor 
F (1, 88) = 12.38, p < .001, The replication factor 
and Groups X Replication interaction did not ne 
proach significance. 


To insure the obtained tion 
tween-group latency differences were not a fena a 
of those Ss who extinguished quickly, an an y i 
was performed over the data from the fastest Trial 
in each group who had not extinguished by vere 
100. The means for Groups 1, 2, 3, and 4 ple 
-286, .413, .234, and .225, respectively. Compara i 
results to the previous analysis were pbt f 
Group 1 reliably differed from Group 2 (p < `001) 
Group 4 reliably differed from Group 2 (p<: yas 
and the Group 1 versus Group 3 comparison hat 
nonsignificant. Inspection of the data revealed r 
the group mean latency for these Ss rema! 
reasonably stable across blocks of 10 trials. 
Discussion.—The comparisons between Grow 
and 2 essentially provided a replication © res 
simultaneous and serial compound CS procedur 
tested in Levis (1971). The expected lateris 
difference between the two groups was found, k^ i 
the serial CS Ss producing longer latency respon pg 
The separate conditioning of S, and Se jek "liably 
trials for the serial condition (Group 4) did re erjal 
attenuate the latency difference between the * ar 
and nonserial CS procedures. However, the r 


ps } 


r r yt Gro" 
for that procedure, although it is possible that ffect 


avis 
in the Le“ 
ing? 
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Variation of the 


ze of the context circl 


ès in the Ebbinghaus illusion results in 


a Systematic variation of the apparent size of the central test figure that is in 


accord with a comparative judgmental model of this illusion. 


However, 


increasing the distance of the context figures results in a decrease in the 
apparent size of the test figure regardless of the size of the context circles. 
This result is not predicted by a judgmental model and indicates a similari y 
between the Ebbinghaus and Delboeuf illusions. 


explanation for the Ebbinghaus or Titchener 
ihe fae x CUNG Hin operation oia compara- 
a anism has recently been pro- 
Massaro and Anderson (1971). According 
relatiy lel, the size of the central circle is judged 
© to the size of the nonconcentric surrounding 
The contribution of the context 
ermined by their size and number, and 
accordance with their distance from the 
traub (197 On the other hand, Cooper and Wein- 
lusion 0) have suggested that the Ebbinghaus il- 
circles) (central circle surrounded by nonconcentric 
circle 15 a variant of the Delbouef illusion. (central 
port Surrounded bya concentric circle). They sup- 
chan their contention by d ‘ating similar 
ges in illusion magnitude for these figures when 
dits Ü a temporal delay between presentation of the 
Bros i test circle and the surround. This second ap- 
Eroni Suggests that the ring of nonconcentric circles 
i em AUG test circle in the Ebbinghau illusion pro- 
circle the perceptual configuration of a concentric 
illusion hese two ways of looking at the Ebbinghaus 
not all would make similar predictions in some, but 
“ Situations, 
Hrs US consider the elf. t of varying the distance 
een the Surrounding circles and the test circle. 
en Ņ assaro and Anderson (1971) vary this pa- 
in the condition. where the surrounding 
are smaller than the test circle, they find a de- 
in the apparent size of the test circle as distance 
Model Si This is in accord with their judgmental 
ased This finding is also in accord with a model 
the .; 2! the Delboeuf, where the usual finding is that 
siza 7€ Of the inner circle decreases steadily as the 


les 
‘Tease 
cre; 


it i " 
196 of the concentric outer circle increases (Oyama, 
loge’ Veintraub, Wilson, Greene, & Palmqu 


Dredigy:, oWever the two approaches make oppslag 
Surre Ictions in the Ebbinghaus situation in whic h tl e 
In punding circles are larger than the test line le. 
and re Situation, which was not tested by Massie 
an j Nderson, the judgmental model woul predic 

Merease in the size of the test circle (a decrease in 
ron illusion) as the distance between test and sur- 

“nding circles increases. On the other hand, pre- 


Req irgus, De- 
Da Wests for reprints should be sent to Joan S. Girgus, De 
Vork fat of Psychology, City College, City University of New 


diction from the Delboeuf model would still indicate 
a decrease in the size of the inner test circle (an in- 
crease in the illusion) as the distance between the test 
circle and larger surrounding circles was increased. 

A model of the Ebbinghaus illusion based on the 
Delboeuf would also predict both an assimilation and 
a contrast phase as a function of distance between 
the test circle and the “ring” of nonconcentric sur- 
rounding circles. As distance increases, the apparent 
size of the center circle should appear first larger 
than, then equal to, and finally smaller than a circle 
with no surround (Oyama, 1960). In the situation in 
which the two approaches both predict a decrease in 
test circle size (surrounding circles smaller than test 
circle), the judgmental model simply predicts that 
the apparent size of the center circle surrounded by 
smaller circles would decrease to equality, while the 
Delboeuf model predicts that the test circle will ac- 
tually begin to show an illusion in the opposite di- 
rection as the distance continues to increase. In 
order to test this prediction, an estimate of the ap- 
parent size of the test circle without any surrounding 
circles is needed. This was not provided by Massaro 
and Anderson (1971). 

The judgmental and the Delboeuf models of the 
Ebbinghaus or Titchener circles illusion make similar 
predictions when distance is varied in the situation 
in which the surrounding circles are smaller than the 
test circles but different predictions for larger sur- 
rounding circles. The experiment presented here 
varies both the size of the inducing circles and the 
distance between inducing and test circles in order to 
differentiate between the two proposed bases for the 
Ebbinghaus illusion. In addition, a test circle with 
no surrounding circles has been included in this ex- 
periment in order to check for the existence of both 
an assimilation and a contrast phase as the distance 
between test and surrounding circles is varied. 

Method.—Al figures were black outline circles. 
The central test circle was held constant at 14 mm. 
The test circle was either presented alone, or with 
four surrounding circles. The diameter of these con- 
text circles was 5, 10, 18, or 23 mm. The distance 
between the proximal edges of the central and con- 
text figures was 3, 6, 12, or 24 mm. 

Responses were made by rotating a. wheel that 
presented single comparison circles (with no sur- 
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JUDGED SIZE . CMM) 
m m 
p è 


3 


3 6 12 24 


DISTANCE FROM CENTER CIRCLE (MN) 


Fic. 1. Mean diameter of comparison circle judged eaual to 
center circle of Ebbinghaus figure plotted as a function ol a E 
ance from center to surrounding circles. (Size of rounding 
Sircles in millimeters is listed at the right of each curve. The 
dotted line represents the judged size of a circle with no sur- 
rounding elements.) 


rounding circles) ranging in diameter from 8.0 to 
19.5 mm. in steps of .5 mm, Single circles appeared 
in a 26-mm. aperture cut into the apparatus. 

Fifteen Ss judged the apparent size of the central 
test circle once for each stimulus in the set, presented 
in randomized order. The Ss were allowed free eye 
movements and could look back and forth between 
the stimulus and comparison figures. 

Results and discussion.—F 
mean judged circle size for the 
tions used. The dotted line ir 
the mean judgment of the « 
lation. The departure 
constant error probabl 
aperture through whicl 
viewed. 

It is clear that, in general, sm 
result in the test circle 

arger context circles resu 
for the test figure, 
cant, with F (3, 42) 
of the distance of th 
estimate is also signi 
b < .001. 

The change in Size estim 
tance of the context circles 
the underlying mech 


from the expected 1 
y due to the prese 
h the comparison c 


4mm.isa 
nce of the 
ircles were 


aller context circles 
appearing as larger, while 
ilt in smaller size estimates 
The effect of circle size is signifi- 
= 22.10, p < .001. The effect 
€ context circles upon the size 
ficant, with F (3, 42) = 15.69, 


ates with increasing dis- 
helps shed some light on 
anisms for the Ebbinghaus il- 
lusion. For the smaller context circles it is clear 
that increasing the distance results in a decrease in 
the apparent size of the test circle, which replicates 
the findings of Massaro and Anderson (1971). How- 
ever, for the larger context circles, we find exactly the 
same decrease in apparent size with increasing dis- 
tance of the context circles rather than the opposite 
trend that would be predicted from a comparative 
judgmental theory. The similarity between the 
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curves for both the larger and the smaller sura 
is supported by a laek of significant nee 126) 
tween surrounding circle size and distance, F (9, e 
= 47. This decrease in apparent size of ur A 
figure with increasing di tance of the en E 
cles, regardless of their s ze, is in accord ud md 
dictions which would be made on the basis o! e: Del 
larity between the Ebbinghaus illusion and t pa du 
boeuf, but is not in accord with predictions el 
would be made from a comparative judgme de 
model. A judgmental theory would predict are 
crease in the size of the test circle with increasing xs 
tance of the context figures only for the small 
rounding figures, The larger context circles SEAE. 
produce an increase in apparent size, as the e. 
ing distance between test and inducing figures * tive 
the weighting of these figures in the compara 
judgment. Pe 
Further evidence for the similarity of the nE 
haus and Delboeuf is illustrated by the fact phata 
the 10-mm. context circles at the farthest d end 
(24 mm.), the apparent size of the test circle is a 
ally smaller than the same circle seen without sa 
context figures, sign test, b «.05. This reve Us 
from over- to underestimation with large distances 
between the test and context figures is consistent n 
the Delboeuf mechanism (Oyama, 1960) and diffic 
for a simple judgmental theory to handle. E 
Despite these apparent similarities between Neu. 
tions in the magnitude of the Ebbinghaus is no 
and the Delboeuf, it is important to note E the 
significant amount of assimilation occurred a text 
clos tances for the 18-mm. and 23-mm. co! "c 
circles and no significant amount of contrast occu 
for the 5-mm. circles at the farthest distancer Tap 
addition, the variation in the size of the context test 
results in clear apparent-size changes in nar. 
figure, which is con ent with a judgmental t terms 
Such variation would be difficult to explain in rapt 
of a Delboeuf-type mechanism unless one atte und? 
to utilize the center of gravity of the SO nce 
ing context figures rather than the proximal dis nte 
as the measure of relative distance between Ce! 
circle and surround. 


n 
a 5 se : al co! 
Further evidence for a different judgmenta cen 


b 
ponent in the Ebbinghaus figure has Teen. the 
provided by Coren (1971), who has shown e i 
illusion can be demonstrated in configurae size 
Which the context circles are physically dr rger 
to the test circle, but made apparently Hs in 4 
smaller through the operation of size cons! sugges d 
stereoscopic paradigm. Thus, as has pechi illusion? 
for many other classical visual geome e : 
(Coren, 1970; Over, 1968), the Ebbing Mc 
appears to be multiply caused, and es a un 
compound of several illusions rather tha. 
perceptual distortion. 


itar 


REFERENCES sedis 

f-type Cr ioter 

E AUB, D. J. Delboeu! characte’) 
gm luminance, [o of Ext! 

and inducing-figure variations." Jos udi 
al P. 970, 85, 75-82. ic illusions. Oe: 
OREN S peu ition and geometric illus 274-21 

terly Journal of Experimental Psychology, 


best L 


Core i inis 
ence! 94,4 Size-contrast illusion without physical size differ- 
Massaro, D. ya" Journal of Psychology, 1971, 84, 565-566. 
the Ebbinzh W. & AwpEmSON, N. H. Judgmental model of 
1971, 89 TUR illusion, Journal of Experimental Psychology, 


VER, R, . " " $ 
Bullen, 190S. tons Of geometrical illusions. Psychological 


Journal 
i «D. Experimental Psychology 
972, Vo]. 95, No. 2, 455-352 0l0£y 


MICHAEL Ss, HUMPHREYS 2 


University of British Columbia 


Following ; 
lowing a Brown-Peterson task 


all five trials as they could. 


Trial 5 items. 


I 
P, cts Brown-Peterson paradigm (Brown, 1954; 
Son & Peterson, 1959), the presentation and/or 


Carn i I 1 
ormare Of the first few items interferes with per- 
cti ance on the later items. This buildup of pro- 


mais, Merference (PI) occurs rapidly and reaches a 
um after three or four trials (Keppel & Un- 
Wickens, Born, and Allen (1963) 
*monstrated that the interference may be 
Witchi to the class of materials used, such that 
ing the class of materials after a few trial 

> to improved performance on the trial. Wick- 
S A has reviewed a number of studies which 
^ “monstrated this “release from, PI,” and he 
Mes that a switch in materials which leads to a 
cigs from PI results from a switch in encoding 


onhe present study was designed to provide in- 

penon about what has been learned following 
all Witch in encoding class by asking Ss to free recall 
ti the items immediately after the test for reten- 


K 7] 
en Of the last set of items. The free-recall task 


wh Provide evidence about: (a) the extent to 
Ch the release from PI is due to increased list 


tw etentiation as opposed to reduced interference be- 
E à Items (cf. Peterson, 1967) and (b) whether the 
On t x [rom PI serves only to improve performance 
he 'release" items or whether it affects recall of 


thoai e 2 : 
le earlier items. Data relevant to the first point are 


Th 
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FREE RECALL FOLLOWING A SWITCH IN 


shifted on Tri k in which ta T 
for tl rial 5 for the experimental condition but were not shifted 

1€ control condition, Ss were asked to free recall as many words from 
Results of the free-recall test showed a reduction 
of the difference between experimental and control conditions for recall of 
There was no difference between experimental and control 
conditions in free recall of items presented on the first four tria 
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taxonomic categories were 


the free-recall performances of experimental and 
control Ss on items that were presented on the re- 
lease trial as compared to the immediate test per- 
formance on these items. Data relevant to the 
second point are the free-recall performance of ex- 
perimental and control Ss on items that were pre- 
sented prior to the release trial. 

A previous, unpublished experiment had indicated 
that free recall of items presented prior to the release 
trial was not better, and was possibly worse, follow- 
ing a shift in encoding class than following no shift. 
The present study was designed as a replication, 
with appropriate controls and better procedures, of 
that study. 

Method.—VFive triads of animal names and five 
triads of vegetable names were constructed from 
Bousfield's (1953) lists such that the mean frequency 
of occurrence between triads was approximately 
equal. Each triad was typed in a column on a 
3 X 5 in. card. 

Each animal triad was paired with a vegetable 
triad, and both triads within a pair were assigned a 
three-digit number which was used as a starting 
number for the counting-backwards task. k 

Order, materials, and conditions were va ed be- 
tween Ss. The order variable was a Latin square 
arrangement of triads for presentation, such that 
each triad appeared equally often in each of five 
presentation positions. The Latin square arrange- 
ment was fitted to each set of materials, animals 
and vegetables, to form the control groups. For the 
conditions variable, experimental groups were de- 
fined by interchanging the fifth triad of animal and 
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TABLE 1 


Mean NUMBER OF WORDS RECALLED ON THE IMMEDIATE TEST 
AS A Function OF CONDITIONS AND TRIALS 


Trial 
Cond. 
1 2 3 | 4 5 
«perimental | 2.33 | 213 | 148 | 145 | 2.18 
Grad NETS 148 | 1:63 | 1.50 


vegetable control groups which occupied the same 
row of the Latin square. Thus, half of the control 
Ss were presented five animal triads and the other 
half were presented five vegetable triads, while half 
of the experimental Ss were presented four animal 
triads followed by a vegetable triad and the other 
half were presented four vegetable triads followed 
by an animal triad. Combining order with materials 
and conditions resulted in 20 groups. 

To assign Ss to the 20 groups, the orders were 
randomly arranged and the combinations of condi- 
tions and materials within an order were randomly 
arranged. Thus, the first four Ss served in the same 
order and one of the four served in each of the four 
combinations of conditions and materials within that 
order, etc. This entire procedure was repeated four 
times so that there were four Ss in each of the 20 
groups. 

The Ss were 80 male and female vol unteers who re- 
sponded to an advertisement in the student place- 
ment office; Ss were tested individually and were 
paid for their participation. Following this experi- 


ment, Ss also participated in another, unrelated 
experiment. 

The S was first given practice in counting back- 
wards by threes. The E read a three-digit number, 
saying each digit successively in time to a metronome 
which was beating at a 1-sec. rate. On the following 
beat, S started counting backwards by threes by re- 
sponding with each digit succes 
the metronome. This procedu 
E was satisfied that 
task. 


For each trial of the experiment, E showed 
to S. Starting with the first beat after the presenta- 
tion of the traid, E read the three-digit number as- 
Signed to that triad. Upon reading the last digit, E 
removed the triad and S started to count backwards 
by threes, Thus, the triad was shown to S for 3 sec., 
but during the last 2 sec. .S had to pay attention to 
the reading of the three-digit number. After 15 


beats, E said “recall” and S attempted to recall the 
words in the triad. Approximately 6 to 8 sec. were 
allowed for recall bef 


ore E initiated the next trial. 
After the completion of the fifth trial, E handed 
S a sheet of paper c 


ontaining 15 lines; S was asked 
to write down as many words from the experiment as 
he could remember, There was no time limit for 


this task. 
A2X2x4 


sively also in time to 
re was repeated until 
S could reliably perform the 


a triad 


Results. 
used to examine performan 
The factors were materials 
conditions (experimental 


analysis of variance was 
ce on the first four triads. 
(animals vs. vegetables), 
vs. control), and trials. 
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As order was used only for counterbalancing, the 
order variable was not examined in this or owed 1 
quent analyses. The results of the analysis a with 
that the only significant effect was HBSODIS S sane’ 
trials, F (3,228) = 22.81, p «; .001. Ferformat 
of experimental and control conditions collapse P Ü 
materials are presented in Table 1. Bonne. indi- 
Table 1 shows that the significant trials effec Trà 
cates a decline in performance from Trial 1 to 
5 A second anal 2 x 2 analysis of ws. 
was used to examine Trial 5 performance. ü 16) 
significant effect was that of conditions, F E in 
= 13.50, p < :001. As Table 1 shows, the sw! a im 
categories for the experimental Ss resulted i! 
proved Trial 5 performance. Trial 2 
Intrusion data were also examined. On oups 
through Trial 4, control and experimental E 
made totals of 35 and 39 intrusions from Prop 
trials, respectively. On Trial 5, the control S ER 
made 16 such intrusions while the expen 
group made only 3 such intrusions. When ex de 
as a percentage of the number of Trial 5 errors w the 
intrusion errors constituted 9% of the errors ae the 
experimental condition and 25% of the errors !! 
control condition. 


say Trial 

The data from the free-recall task following A 
5 are shown in Table 2. While there is still a on i- 
difference between experimental and control hanin 
tions in Trial 5 recall, the difference is smaller LE. Į rea- | 
the immediate test for retention. The princina 4 
son for this reduction is that control Ss eine the 
Trial 5 words which they had not recalled dur led | 
immediate test, while the experimental Ss M 
only 2 such words, A chi-square anal 
number of Ss recalling at least 1 Trial 5 wore 
had not been recalled on the immediate En 92, 
this difference to be significant, x*(1) = 7 
« .005. 

In terms of the total number of words rec of 
from the first four triads, there was no € called 
conditions. Control and experimental SS riad 
totals of 212 and 213 words from the first joue ta e 
respectively. Also there was no effect of ma ndi- 
nor was there evidence for a Materials X 
tions interaction, all Fs < 1. The only 


p valu? 

t ol 

$ ‘nificant effect <s 
which exceeded 1 was a nonsignificant 5 


ÁD———————À 


called 


» S 
pe C 


h aly! 
trials, F (3, 228) = 1.83, p > .10. Further ar the 
of the trials effect was made for all five tria 


TABLE 2 jorn 


Mean NUMBER p 
D TH CENTAGE OF IMM ED ALS 
UNCTION OF CONDITIONS AN) 


AS A 


Measure Cond. 


Mean no, re-| — . i 
called Experimental 
Control 
% of immedi- et 
ate recall Experimental 
Control 
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Control TS 
group, but no significant effect was found, 


trials E opm to find a significant effect of 
terms of the 1 m there was no recency effect in 
55 expressed e ree er recalled. Of course, if recall 
n the immedjac. percentage of the amount recalled 
effect. Final T e test, there is a pronounced recency 
of Words a ies expressed as the mean number 
Tecall is g alled and the percentage of immediate 


hown in T. 
in Table 2 
'SCUssion,— eS: 


tween the he percent recovery (the difference be- 
tial 5 divided o and experimen al conditions on 
Boy y the difference between Trial 1 and 
CA performances) for the immediate test 
196 Jina Sy the same as that found by Lo 

S Study which also shifted taxonomic cate- 
Place 5 WI when the free recall data are used 
0 n 1e immed ate test data, the percent re- 
differenti 9 Æ This difference indicates that list 
Cove; ation could account for an apparent re- 
a Tree as 14%; the reduction of intrusion 
Ss A of the immediate test for experi- 
5 dos the improvement of free recall of 
ji, Pough m ot control Ss support this conclusion. 
E r Sr PEINE recovery that could be due to 
f Ttion o tk anon accounts for only a small pro- 
Crentiati ne recovery in the present data, list dif- 
of t s eu might be the most important component 
Shift in Served recovery of 20%-25% following 
nd ay i 1€ number of syllables, number of phonemes, 

Th Culatory dimensions (Wickens, 1970). 
no qi des recall data also indicated that there was 
rence between experimental and control 
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groups in recalling items from the first four trials. 
It appears that shifting encoding classes affected 
performance on the shift items without affecting 
performance on the previous items. Thus, there 
appears to be some asymmetry of proactive and ret- 
roactive effects. 

The failure to find a recency effect in the free recall 
data, except when expressed as a percentage of the 
amount recalled in the immediate test, suggests two 
possibilities. First, the immediate test might have 
provided more opportunity for rehearsal of earlier 
items since more early items are recalled in the im- 
mediate test. Alternatively, the buildup of PI may 
have hindered the learning, not just the immediate 
recall performance, of the later items. 
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" 7 gs a 2 f the 
Two explanations of the Stroop color-naming effect are: i AE the penh: of i 
word and the color of the ink contact memory in para es amd OF ST 
sponse competition when they elicit different ox Samar I eet ee 
words distract from the ability to input or to encode ink color. 


design, 


ake individual stimuli 
latencies of color-naming responses were taken for individual st 


a vere same; 
falling into four categories: (a) In S, the word and AT be p 
(b) in D, the word named a different color; (c) in UE a cde: a 
i i vas a nonword. are ` 
S to color; (d) in C, the stimulus wasa ds e 
E ner eR ER us D showed peperes ana N a 
7 ilitation aC i icted by the hypothesis tha 
2 n in Cond. S is as predic othe àt 
iu ees repas competition rather than encoding interference. 


If S is instructed to ignore the meaning of a Mp 
and to name as quickly as possible the color of ae 
in which the the word is printed, the amount oF 
time taken to name the color depends on the UE 
meaning. If the word names a color other FREIE e 
color of ink, the latency is greater than if the wor 
is neutral with respect to color. 

In two recent papers, this phenomenon—the 
“Stroop” effect—has been given different interpre- 
tations. Keele (1972) has argued that selective 
attention must Operate after, rather than before, 
memory retrieval. That is, the form and color of 
the stimulus are Processed in parallel, and when 
these two sources of information elicit different 
color names, covert ri sponse competition results. 
This explanation localizes the Stroop effect at the 


Output of the memory system, and Egeth 
(1970), in contrast, loc; t at input. 


Their explanation was of the task 


makes a color n ‘attention-catch- 


ing," so that it i ability to process 
and encode the color of ink. 


Y E^ BLUE in blue 
ink) If the Stroop effect IS caused by response 
competition, then this condition should not produce 
Interference, In fact, since both 


€ response, the 
at of a neutral 
; if color words 
€ ink color, then 
duce interference 
T Word does not 


color should b 


e named faster than th 
control word, 


On the other hand 
interfere with the ability to encod 
the proposed condition should pro 
ike that obtained when the colo 
match the color of ink, 
Traditionally, Stroop experime; 
y manipulating conditions bi 
Pritchatt, 1968), a 
founding by the usi 
ferent conditions, 


nts have been done 
etween lists (e.g., 
design that is subject to con- 
€ of different Strategies in dif- 
The present experiment followed 
! This study was done as a L 


project. Thanks are due to Stey, 
manuscript. 


? Requests for reprints 
man, Department of P. 
Oregon 97403. 


Laborator: 
en Keele 


should be sent ti 
sychology, Universit: 


Y in Learning class 
for comments on the 


9 Douglas L. Hintz- 
Y of Oregon, Eugene, 


" ^ re and 
Keele (1972) in using a discrete-trial procedu ike 
mixed-list design to avoid this prob pmi There 
Keele’s study, a vocal response was used: simal 
were four conditions. In two of them BLER e 
were color words that were either the S espana 
different from the required EGO TEE d in 
In a third the stimuli were neutral NOTOS 
the control condition they were nonwords. unas 
Method.—Stimuli were produced by p SEI 
word on a white card in one of four oo oe) The 
RED, GREEN, BLUE, or GOLD (yellow-orange! sary 
letters were } in. square, and the lines AMET 
Js in. wide. The stimuli fell into four Ex the 
Cond. Same (S), in which the word 1. Different 
color of ink in which it was printed; Cong deo three 
(D), in which the word mau p used nol 
other colors; Cond. Neutral (N), whic anata 
color words matched with color E ss, BIRD) 
first letter and word length, i.e., RAT, S E ana 
GLAD; and Cond. Control (C), vpi aas un 
grams of the color names with the re Stimuli 9 
changed, i.e., RDE, GENER, BEUL, GDLO. 


ch 


iring eac 
Cond. S and D were generated by Pe Thus 
olor name equally often with each ink col ae S, an 
Cond D occurred three times as often à inks 


ol i olor O! 

lor name was not correlated with e cards: 1 
Aiton 128 experimental ca d The 
Altogether there were exp 


“ks O 
locks © 
f these 


sentation OF oh 
emu cc ro genni de 
blocks was varied systematicall nto four subb i ii 
block, in turn, was divided ir 


in Cond. > $ 
Each subblock con: t esented in random b 
i in C, ea 
gs pos dua in an ie pen le Ss fof 
course at the University of Oregona S who mon 
extra course credit. The data o! ors and later € 
an unusually large number of S ded os 
hs DE cn id NRaputosadpe e task 
Zach S was seated be at h 7 
dicis words would be shown Su the © ig 
was to say aloud, as quickly eee mane 
of ink in which each word M patie 
examples were shown during Sd 
familiarize S with the procedure a 


val 


jons, 
mi four 
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fre sBtable color names. Ten practice stimuli were 
smug ented: followed by the 128 experimental 
d The stimulus duration was 1 sec., and the 
Ne aut hus interval approximately 4 sec. A vocal 
» Es ( ready ) was given just prior to the onset 
te a n stimulus. Response latencies were measured 
Sing a .01-sec. stop clock triggered by a voice key. 
“atencies and errors were recorded by Æ. 
ee and discussion.—Only correct response 
OE are presented. By conditions, the per- 
SOE of incorrect responses (including "false 
7G i l were: S, 1.1; D, 13.2; N, 1.9; and C, 2.8. 
eb ei d be expected, the classical Stroop condition 
oduced the highest error rate. 
M S's mean correct response latency was 
"Puted for each condition in each of the four 
ied and these means were submitted toa 4 X 4 
ae Tice measures analysis of variance. Stimulus 
is ons had a significant overall effect, F (3, 51) 
ils oe X .001, and there was a slight decrease 
DN ncies over blocks, F (3, 51) = 4.37, p < .01. 
nail, conditions x Blocks interaction was margi- 
Y significant, reflecting a tendency for Cond. D 
Improve with practice more than the others, 
"e 153) = 241, p < .05. 
enel mean latencies by conditions (in msec.) 
GS on 653; D, 799; N, 694; C 696. Planned 
ee eens showed that Cond. S was significantly 
Cond den Cond. C, t (17) = 3.08, p < .01, and 
bie ud Significantly slower than Ct (17) = 6.15, 
nifi. i Conditions N and C did not differ sig- 
; cantly, This lack of a difference between Cond. 
iu ROS C is consistent with Keele's (1972) results, 
8Besting that the effect of neutral words on color 
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naming found by Klein (1964) is eliminated when 
the discrete-trial procedure is used. 

The facilitation found in Cond. S tends to confirm 
Keele's (1972) claim that selective attention oper- 
ates after memory retrieval. If the classic Stroop 
condition were due primarily to interference with 
the ability to encode ink color, then it should make 
little difference whether or not a color word matches 
the color of ink; interference should be produced in 
either case. The present results indicate that a 
compatible color word enhances color-naming perfor- 
mance not only in comparison with the classic 
Stroop condition, but also in comparison with the 
neutral control. This is what would be expected 
if the Stroop effect were due to covert response 
competition. Of course, one cannot be certain that 
color words produced no encoding interference in 
the present experiment. However, if such interfer- 
ence was present, its effect must have been rela- 
tively small. The present findings argue that the 
Stroop effect is primarily an output, rather than an 
input phenomenon. 
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ASSOCIATIVE REACTION TIME, MEANINGFULNESS, AND 
MODE OF STUDY IN FREE RECALL? 


DAVID LOCASCIO? AND RONALD LEY? 
State University of New York at Albany 


Eighty Ss were tested for free recall of three lists of 12 CVCVCs each, all lists 
equally balanced with respect to short- and long-latency (SL and LL) üssucids 
tive reaction time (RT) units within levels of high and low meaningfulness 


(HM and LM). 


single associations (SA) to the 


Four groups of 20 Ss each were instructed to study the lists 
under one of four different study modes. 


The 5s instructed to make either 


units during study or multiple associations 


(MA) or to rehearse silently (SR) recalled more units than M eracted to 


repeat the units aloud (RP). SL-RT units were recalled more fr. 
LL-RT units for the SR and RP groups. HA 
quently than low-M units for all groups. T h 
support for the hypothesis that making associ ; 1 
recall and that RT is an index of the facility with which 


be made. 


Ley and Locascio (1970b) have proposed a modi- 
fication of the two-stage analysis of paired-associate 
learning (PAL) wherein recognition and recall are 
viewed as indicants of two separate memory pro- 
cesses rather than as two indicants of a single 
memory proce: In this modification it is hypothe- 
sized that recognition is dependent on a perceptual 
encoding response, the stability of which is indexed 
by the meaningfulness (M) of the verbal unit (a 
formulation consistent with that of Martin, 1968); 
and recall is hypothesized to be dependent on an 
association response to the verb; 
of which is indexed by associative reaction time 
(RT), the time elapsing between the presentation 
of a verbal unit and the first association produced. 
This formulation is an outgrowth of a series of PAL 
studies which have shown that (a) RT of response 
terms (the terms which must be recalled) is related 
to performance (Ley & Locascio, 19702), (b) RT of 
stimulus terms (the terms which need only be 
recognized) 1s not related to performance (Ley & 
Locascio, 1970c), and (c) in backward recall follow- 
ing PAL, short-latency RT stimulus terms are 
recalled more frequently than long-latency RT terms 

Ley & Locascio, 1970b). With respect to the 
effect of M, the findings of Ley and Locascio are 
consistent with the hypothesis that both the stimu- 
lus and response terms of PAs must be recognized 
before recall of either can occur; i.e., in both forward 
and backward PA M is related to performance 
whether the M-indexed verbal unit is in the response 
or stimulus positions of a PA list. 

The primary purpose 


al unit, the strength 


? 1 of the present study was 
to extend the investigation of the proposed relation- 
ship between RT and recall from PAL to free recall. 
If RI is related to recall performance in general 
(i.e., if the effect of RT is not an artifact of PAL), 
then in a free-recall task it would be expected that 
part by a State Universi 
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of New York Research 
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?NO 
Jersey 
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Foundation 


Madison, 


uests for reprints should be 
sity of New York at Alban 


uently than 
HM units were recalled more fre- 
€ results were interpreted as 
ations to verbal units facilitates 
associations can 


d 
within levels of equated M, short-latency RT E 
will be recalled more frequently than long-la 
RT units. as 
The secondary purpose of the present study Wes 
to test the hypothesis that in a free recall tas! inits 
instructed to make associations to verbal i in- 
during study will recall more units than jica 
structed to repeat the units aloud, as in the Te 
familiarization procedure. This prenen casció 
Írom a basic assumption of the Ley and e. 
(1970b) two-process modification, viz., that ! fà i 
an association to a verbal unit during study "in in 
tates its recall, and that RT is related to rection 
that it indexes the facility with which an Ose e 
can be made. If this assumption regarding al 
relationship between making UE e 
units and facility of recall of the units opena y 
free recall should be a function of the oppo during 
Ss have to make associations to verbal units ci 
study. Additionally, if RT indexes the gap 
strength of the initial response, this respons” 
be most important in supporting recall, an 
tional associations should have little, if any» 
tative effect on recall. 


aduate, pal 
Method.—The Ss were 80 undergradua he 


ales) from ; 
volunteers (28 males and 52 iera e naiv" 
State University of New York at Alba learnin£ 


With respect to prior experience in verbal 4 
studies. E i 
The materials were 36 CVCVC vele j 
selected from the 319 units assessed E oral and a 
M value (') by Locascio and Ley ( ee Kimi 
sessed previously for RT by Taylor riterion b 
(1967). Using m' as the primary "atecy, D 
CVCVCs were selected which had ds ines! H? iE 
RT values: 9 from the high-meaning në low-meà g 
end of the m’ distribution and 9 pon GR; and f 
ingfuln (LM) end of the m ES idi wa 
CVCVC verbal units were selected IM end am 
latency (LL) RT values: 9 from the | : x 
from the LM end of the n^ Sistripuee m or 1e” 
All verbal units with an m^ value o! 4 


ted 
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Were chosen as representative of LM. 
Values of this LM mple were then taken from 
aylor and Kimble's (1967) list. The mean and 
Standard deviation of these RT values were cal- 
culated. Verbal units which fell one or more stan- 
dard deviations below the mean were considered for 
the purposes of the present study to be SL-LM units, 
and Verbal units which fell one or more standard 
deviations above the mean were considered to be 
LL-LM units, Nine CVCVC verbal units were then 
Selected from each of these RT groups. The same 
Procedure was used in selecting the HM-SL and 
HM-LL verbal units. The m’ and RT values for 
cach of the 36 CVCVC selected are given in Table 
» from which it can be seen that the mean m’ values 
of the SL. and LL-RT verbal units are essentially 
the Same within both HM and LM levels, 
, The 36 CVCVCs were assigned to three lists, each 
ist containing three randomly assigned CVCVC 
veal units from each of the four classifications 
Cv HM-LL, LM-SL, LM-LL). The lists of 
yiner p Vere then typed in random order on a 
ine tape for presentation on a Lafayette memory 
rum, 
, The Order of the CVCVCs in each of the three 
lists was determined randomly with the following 
Qualifications . (a) Each classification group (HM- 
SL, HM-LL, LM-SL, LM-LL) was represented by 
ne verba] unit in each third of the list. (b) No two 
verbal units from the same classification group 
“ppeared immediately adjacent to one another on 
any list. (c) The position that the verbal unit 
in cach classification group occupied in each 
third of the list was different from list to list; e.g., 
"the HM.S[, unit appeared second in the first 
third of List 1, then the unit that v HM-SL on 


List 2 could not occupy that position on the first 
third of D 


The RT 


;:55 presented first, or second, or third an ap- 
Proximately equal number of times. 

WO practice lists, containing 12 different CVCVC 
Verba] Units each, were constructed in the same 
Manner as the three test lists and typed on a paper 
tape. The practice lists were similar to the test 
list, With the verbal units selected from the remain- 
HE 283 CVCVC units assessed for m’ and RT. 
"ormal similarity between the verbal units on the 
Practice lists and those on the test lists was avoided. 

The Ss were instructed to learn 36 CVCVC verbal 
Units in a free-recall task under one of four modes 
of study: Repeated Pronunciation (RP), Single 
ssociation (SA), Multiple Association (MA), and 

nt Rehearsal (SR), with an equal number of 
Ss (n = 20) randomly assigned to each of the four 
Study-mode treatment groups. 

All Ss were read standard instructions appropriate 
to the assigned study-mode group, which in essence 
explained the mode of study to be followed and the 
recall procedure that would be employed. The 
practice lists were then presented to S at a 4-sec. 
rate, followed by a 90-sec. period during which the 
verbal units were to be orally recalled. Immediately 
following the recall period for Practice List 2, the 
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TABLE 1 


ction Time (RT), MEAN. RATED 
(a^), AND MEAN SCALED RATED 

Y (m'" For 36 CVCVC 
IPLOYED IN A FREE-RECALL 
LEARNING Task 


RT Cvcve RT a’ m^ 
High meaningfulness 

Short latency 1.88 
1.80 

1.78 

1.84 

1.81 

1.90 

LILAC 1.91 

DIVAN 1.86 

ROBIN 1.73 


Long latency 


HABIT 
RADAR 
RUMOR 


Low meaningfulne: 


Short latency AEn hs voa 
2.64 1.66 1.00 

2:40 1.69 1.05 

2.77 141 :52 

2.70 1.54 82 

TONUS 29 1.69 1.05 

BOLUS 78 1.66 1.00 

XYDER EI 1,66 1.00 

Long latency 4.65 1.48 70 
ir i 3.86 1.87 1.27 
E 164 | 97 

VUTAW 4.20 | 1.36 EJ 

HYRAN 4.04 1.06 1,00. 

371 1.62 94 
3.85 1.66 1.00 
3.74 1.84 123 

3.99 156 85 

three test lists were presented at a 4-sec. rate, 


followed by a 90-sec. recall period. A 20.sec. 
interval was employed between the end of one 
recall period and the presentation of the subsequent 
test list. 

In the RP mode of study, .S was instructed to 
pronounce repeatedly each unit aloud as a “word” 
during the 4-sec. presentation period. In the SA 
mode of study, S was instructed to make a free 
association response to each unit and then repeat 
aloud this initial free associate during the 4-sec, 
presentation period. In the MA mode of study, .S 
was instructed to make aloud as many different 
free-association responses as he could to each unit 
during the 4-sec. presentation period. In the SR 
mode of study, S was instructed to study silently 
each verbal unit during the 4-sec. presentation 
period. 

The learning score for S consisted of 
of CVCVCs recalled within each of the four RT-M 
categories; thus scores could vary from 0 to 9 The 
design employed was a three-variable mixed fac- 
torial, in which mode of study (RP, SA, MA, SR) 
was a between-Ss factor, and RT (SL and LL) and 
m' (HM and LM) were within-Ss factors. 

Results. —The mean numbers of SL- and LL-RT 
CVCVCs recalled under each of the four modes of 


the number 


TABLE 1 


: PROPORTION OF SUBJECTS WITHIN 
AND List CONDITIONS 


| Trials-to-criterion intervals 


| 6-10 | 1-15 | 16-20 | 21 


| 
|= 
| 20 | 


20 20 40 BE | E 
405 .30 .35 10 
10 250 .30 -— 10 
10 A0 230 .20 = 


ences were found between the means of the experi- 
mental and control groups (12.25 and 10.85, re- 
spectively), the data suggest that the two groups 
were comparable. 

Test-trial scores were also analyzed by means of 
a 2X2 analysis of variance. This analysis indi- 
cated that the performance between the two groups 
was significantly different, F (1, 56) = 8.335, p < 
01, and that the performance of Ss on the two PA 
lists was not significantly different, F < 1, Also, the 
interaction effects were not found to be significant, 
F «1. Anexamination of the mean number of cor- 
rect anticipations made by the experimental and 
control 5s (5.6 and 6.6, respectively) indicated that 
more forward associations were established during 
learning than backward associations. Also, since 
neither analysis revealed any list differences, it is 
suggested that the associative stage in learning A-B 
and B-A pairs was not intrinsically different in 
difficulty and that the difference in test-trial scores 
does not reflect the confounding of pairing direction 
and associative directionality. 


Although the nature irs i i i 
t oft s X nt 
provided for m i 


< tor maximal backward associations, for- 

Baci areociations Were still found to be superior to 
i associations. This finding is in direct con- 
orted finding of no 
backward associa- 


dure on the test trial i 
gests that his measure 
tions of associations mi 
solely on the direction 

Sec. rate of presentation on the test t 
differences in the amount of m i 
However, Ekstrand (1966) 


ight not have 


bei been dependent 
eing tested, 


He used a 5:2 


; ial to allow for 
aterial to be recalled. 
has cautioned that the 


Psychology, 1962, 76, 470-474. 
Wo 
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test for backward associations should proceed B. 
fairly rapid rate to reduce the possibility of 55 
covertly running through the pairs in the fora 
direction until the correct stimulus term is locate 
With a seven-pair list and a 5-sec. stimulus presenta- 
tion on the test trial, Ss tested for backward a E 
ations could have run through a good part, if not alh 
of the learned list before the anticipation peri 
ended. "Therefore, the number of backward MET 
ations reported by Houston might contain response 
which 5s made on the basis of the learned for 
associations. The present experiment did not ano $ 
Ss as much opportunity to supply the correct bac 
ward associations on the basis of learned forwa" 
associations. 


The results of the present experiment clearly E 
dicate the superiority of forward associato 
However, this finding, in and of itself, may not nin 
essarily be evidence against the principle of s Ho 
tive symmetry. The results must be interprete e 
terms of the methodological considerations pute 
above. In other words, it must be concluded tht” 
although effective functional stimuli and equa A 
difficult A-B and B-A pairs may be necessary con ns 
tions, they do not appear to be sufficient condito 
for the demonstration of associative symmet 
Other conditions which might also be necessary 
the demonstration of associative symmetry, E 
which the present experimental design was not 5? lc. 
tive, are the analysis of backward and forwar! 


ing 
e a an: 5 varning 
sociations within pairs and the use of a AEE 

ms 


and which would equate the learning 
ations along a number of dimensions (e.g " 
set and item availability). 
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REHEARSAL OF INDIVIDUAL ITEMS IN SHORT-TERM MEMORY 


GARY F. MEUNIER,! DOUGLAS RITZ,* 


AND JO ANN ME 


Ball State University 


An experiment was performed in an attempt to examine the function of 
rehearsal in the retention of individual verbal items. Varying amounts of 
unrestricted rehearsal and rehearsal interference were manipulated between 
Ss. Recall was taken after each item and again after all items had been 
presented. The Ss were not informed of the final recall task until all items had 
been presented. The wide difference in results on the two recall tests for Ss 
given extra rehearsal time suggested that Ss utilized rehearsal primarily to 


maintain items in short-term memory. 


Much recent work in the psychology of immediate 


pon has derived from a report published by 
Sear Peterson (1959). These investigators 
verbal Nat memory for briefly presented individual 
34o cee decreased steadily over intervals from 
Sec. if S was not allowed to rehearse the unit. 
any replications of this work attest to the 
of this result (e.g., Murdock, 1961). 
to the understanding of processes involved 
7. Pe of retention task has been proposed by 
aih and Norman (1965). These investigators 
5 pected that an item is held in a short-term storage 
stm) wvely limited capacity (short-term memory, 
met and encoded into a longer term storage of 
ch greater capacity (long-term memory, LTM) 
h n Process of rehearsal. The longer an item is 
eld in STM the greater the probability that it 
ncoded into LTM. And an item is “forgot- 
rom STM when rehearsal is inhibited. 
eral) ications of this conceptualization are gen- 
Pm g, useful in the interpretation of experimental 
its from studies directly concerned with STM 
Mena, For example, presentation of an 
"E task immediately after the stimulus 
in the Peterson and Peterson (1959) 
Produces a very high rate of forgetting 
inversely related to the duration of the 
eter, 8 task (e.g., Murdock, 1961; Peterson & 
Sum d 1959). The high rate of forgetting is pre- 
in ST bly due to the inability of S to retain the items 
Gay M Or encode them into LTM. Whena period of 
; Testricted rehearsal, on the other hand, is inter- 
iected etween stimulus presentation and recall, 
Orgetting is typically delayed. This "inhibition of 
Orgetting" is related directly to the amount of 
rehearsal provided (Stanners & Meunier, 1969). A 
Slight confusion in interpretation is present, however, 
n ®Xperiments in which extra rehearsal is allowed. 
h Us difficulty in interpretation stems from the fact 
lat rehearsal is postulated to have the dual function 
9I retaining items in STM and encoding them into 
LTM t the moment of recall, thus, items may be 
stored in LTM, STM, or some combination of 
the two, i : 


Materia] 


Paradigm 


Which jg 


Interferi 
Dterferin 
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should be sent to Gary F. Meunier, 
nd Experimental Psychology, Ball 
Muncie, Indiana 47306. A 

ion of this experiment comprised a Master 
by the second author. 


The present study was an attempt to gain further 
purchase on the storage of items given unrestricted 
rehearsal. Specifically, using a modification of the 
Peterson and Peterson (1959) task, retention of 
items given various amounts of rehearsal time was 
tested after each item had been presented and again 
after all items had been presented. W hile per- 
formance for Ss given extra rehearsal was ambiguous 
on the first test (due to the fact that Ss could be 
recalling items from either store), second-test 
performance was expected to be a relatively “pure” 
measure of I I retention and, hence, give import- 
ant clues as to the storage of items recalled on the 
first test. 

Method.—Fifty students from introductory psy- 
chology classes at Ball State University served as 
Ss. All Ss were given a slight addition to their final 
course grades as an inducement to participate. 

Stimulus materials consisted of 25 low-association- 
value (29%) trigrams selected from the Witmer 
(1935) scaling. In addition, five common three- 
letter words were selected for use as practice items, 
Thirty different three-digit numbers were also 
selected for use in a backwards counting task. 

The type of activity which followed the presenta- 
tion of an item (counting backwards from a three- 
digit number or unrestricted rehearsal) was 
manipulated between .Ss and the length of the 
retention interval (0, 3, 6, 9, and 18 sec.) was 
manipulated within Ss. Twenty-five £ served in 
the counting (C) and no-counting (NC) groups, 
and each S was presented with 25 trigrams, 5 at 
each of the retention interval lengths. 

Stimuli were Presented auditorially by a Webcor 
tape recorder to individual Ss. Individual letters 
and digits were recorded in a monotone voice by a 
male graduate student in psychology. — Total 
presentation time of a complete trigram or number 
was 1 sec., and a three-digit number followed each 
of the trigrams by approximately .5 sec, The Ss 
in the NC condition were told to ignore the number: 
Ss in the C condition were instructed to count 
backwards aloud from it by three's until the recall 
signal appeared. The S's verbal recall was signaled 
by a red light and buzzer mounted on a panel which 
shielded S from E and the programming equipment. 
A 30-sec. period was allowed between onset of the 
recall signal and E's verbal warning that the next 
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FE 


SECONDS 


16. 1. Proportion of items recalled as a function of experimental condition and 


length of retention interval. 


trial was about to begin. 


After all trigrams had 
been presented 


» S was given an 8} X 11 in. sheet of 
blank paper and asked to recall any trigrams he 
could. The S had not been given previous knowl- 
edge of the final recall task. A total of 5 min. was 
allocated for the final recall, 

Five practice trials were given each 
of 2, 4, 7, 14, and 20 sec. 
during the practice trials we 
a final recall, indistinguisl 
mental trials, 


S at intervals 
Experimental procedures 
ere, with the exception of 
hable from actual experi- 
Counterbalancing procedures re- 
quired that each trigram was followed by each 
retention interval length an equal number of times 
in both Cand NC groups. In addition, each trigram 
and interval length appeared equally often in each 
serial presentation Position for both groups. 
Results—Due to the unique nature of the data, 
Separate analyses of varian 
initial recall (IR) and final r 


arbitrarily 
statistical 


Results from the an: 
Support the graphical re 


alysis of IR data strongly 
presentation of Fig. 1. Both 


Respective F values were: C-NC, 
F (1,48) = 271.69, p < 001; 1, F (4, 192) = 17.14, 
b «.001; and C-NC x I, F (4 192) = 2822, 
p < .001. Recall was obviously inhibited by the 
backwards counting task and was unaffected by 


al 
: q oye hears 
extra rehearsal time. Thus, additions to reheat" 


" lit 
beyond a certain minimum seemed to hove intera 
effect on overall level of retention but Diurthef 
ference task seriously inhibited retention. separate 
evidence for this conclusion was provided py ud N 
analyses of variance performed on the ienificant 
data. The main effect of intervals was Ud 5l. 
only in the analysis of the C data, F (4, 96) 

p < .001. uite 
Analysis of the FR data confirmed tr os in 
surprising results suggested by the F i 


] d signi, 
Fig. 1; no effects in the analysis approache 


of the 
UE given 


tion for 


icance. This finding is surprising ur IU 
large difference in amount of rere em 
different Ss and the large difference ir 


the 
E though 
different groups on the IR task. a redictor of 
opportunity for rehearsal was a strong lationsh! 


a c 

IR data, there would seem to be eres! time 
between retention on the FR task an i yerformance 

Discussion.—Analysis of initial Bn is near! 
seems quite straightforward: B rehearsal ant 
perfect when S is allowed unrestric - of rehearsa 
declines directly with the among com genera 
interference provided. These resu sk Waugh p 
supportive of suggestions. from PEN rehearsa 
Norman (1965) conceptualization Maintenance E 
interference allows neither the: items into L TM, 
items in STM nor the COE a ws both. 
and (b) unrestricted rehearsal a at E 

As mentioned earlier, one Em ol w 
is that they do not allow the dete! call was Sig” 
the items were stored when re 
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Fortunately, analysis of final recall data does give 
Bee Sm to how these items were retained. This 
the fi erives from the fact t items recalled during 
zal recall period must have been retrieved from 
US own fact that final recall performance was 
extra Eid (below 15%) for all Ss suggests that the 
for the acarsal time given NC Ss was not utilized 
mc poneoding of items into LT M. : Hence, all Ss 
from STM retrieved items for the initial recall test 
Primari] a and utilized the extra rehearsal time 
TY for the maintenance of items in STM only. 
rel ares] clusions regarding the use of unres ricted 
Tom the Wan ae Surprising in light of the suggestion 
Probabjlit: eee and Norman (1965) model that the 
irect f Y of an item being encoded into LT M isa 
Unction of the amount of rehearsal provided. 
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Although other explanations are possible (e.g., 
items were encoded into LTM but forgotten before 
final recall), the present conceptualization seems 
most parsimonious. 
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"S ON RECOGNITION OF ADJACENT ITEMS 


LYNN S. SCHULZ! axb RONALD B. STRAUB 


University of Delaware 


High-priority events (HPEs) Were names of famous peo: 


lists of common words. 


control lists with no HPE; 


to an equal degree, 


task employed, 


[ds he Insertion of a high-priority event (H PE) ina 
'St of unrelated items dep egos HAE 
ir ry 1 presses recognition of the 
1 sen edigtg]y preced ) | Se eon a Ti 
ing deei CY ELUNE ANG thè immediately follow 
People ns When the HPEs are names of famous 
are tees chulz, 1971), When photographs of nudes 
Mental as HPEs in lists of line drawings, no detri- 
ing ite ellects are observed on immediately preced- 
Which mns „but Profound anterograde effects result 
(Ellis Persist over several items following each HPE 
1974)’ etterman, Runcie, McCarver, & Craig, 
Stem fro SCrepant results in the two studies might 
ions Tom variations in stimuli, list length, instruc- 
(Sch; °T, type of recognition test: forced-choice 
ulz, 1971) versus yes-no measures (Ellis et al., 

< ossible importance of the type of task em- 
.15 suggested by the differential effects of 
"s in recall, where retrograde losses predominate 
“aufley & Winograd, 1970; Tulving, 1969), and in 
Se ees 


of Education, University of Delaware, Newark, Dela- 


E 
Coi equests for reprints should be sent to Lynn S. Schulz, 
Ware 19711, 


s. Significant decrements w i 
& H A nihca S were observ: 
tion of items immediately preceding and immedi: served inam 


mental effects were larger for preceding i 

1 a c arge ng items when 

in a list; with two HPEs Present, preceding 
The results confirm i indi 

oun deg sults previous fin s 

HPEs and indicate that the effects are Ei 


ple inserted in 15-item 


The following five conditions w i n 
À oe i v were exa zit 
lists per condition: a single HPE in Input Position 7: bwo pee with four 
7 and 8; two HPEs in Positions 7 and 9; two HPEs i pr 


1 1 Positions 
ions 7 and 12; and 
ecogni- 
i Detri- 
only. à single HPE occurreq 
and following items were affected 
p with famous-name 
independent of type of recognition 


in Pos 


ately following HPEs. 


forced-choice recognition w 
observed (Schulz, 1971). 

The present study was designed to assess thre 
fects of famous-name HPEs on the recognition of 
surrounding items as measured by a yes-no recogni- 
tion test. Conditions were included to determine the 
effects of two HPEs occurring at various separations 
in the same list since earlier data had provided some- 
what inconclusive results using forced-choice pro- 
cedures (Schulz, 1971). 

Method.—The Ss were 90 undergraduate students 
from the University of Delaware who participated 
in the experiment to fulfill a course requirement. 
No S had previous experience with the recognition 
task, 

Testing was accomplished in large group sessions 
with all Ss viewing the same 21 lists of 15 items each; 
order of presentation remained constant for all 
groups. List items were projected onto a large screen 
with a Dunning Animatic filmstrip projector. A 
Lafayette repeat-cycle timer was used to control 


here bilateral effects are 


ef 
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TABLE 1 
PERCENTAGE OF ITEMS RECOGNIZED AT EACH OF THE FIFTEEN INPUT POSITIONS 


Input position 


List s 

t 1 2 3 4 5 6 | ji 8 9 10 1h :Ó2 | 13 | 44 15 

7 7i 7 73 (75) 88 92 

6 67 | (76) | 69 | (70) | (72) | G9 | (75) |573 7 ris 

RPE? 82 5 83 i 73 | (55) | [951 | (58) 78 68 66 79 76 89 g 

EE E se GS zs 

8 3 5 4 69 | (57) 6 5 2 3 2 6 d 
HPE 7, 12 90 8i $5 p 67 | (60) | [94] | (61) | 63 66 | (50 | [93] | (51) | 86 


Note.—Percentages are based on 360 observations (Lists X Ss). 


IPIs, IFIs, and corresponding control values. 


presentation at a 1-sec. rate (not including minimal 
change-over interval). 

The first list presented contained no HPEs and 
was administered for practice purposes only. The 
remaining 20 lists represented the following - five 
conditions: four lists had an HPE at Input Position 
7 (HPE 7); four lists contained two HPEs at Posi- 
tions 7 and 8 (HPE 7, 8); four lists had HPEs at 
Positions 7 and 9 (HPE 7, 9); four lists had HPEsat 
Positions 7 and 12 (HPE 7, 12); and four lists had 
no HPEs (Control). Presentation order of the lists 
was determined randomly except that no condition 
was permitted to occur more than twice in succession. 
"Three asterisks followed each list as a signal to begin 
the recognition test, 

Names of famous people were used as HPEs (e.g., 
Kennedy, Einstein) ; all other list items were common 
words with Thorndike-Lorge frequencies greater 
than nine per million. To construct the recognition 
tests, distractor items were chosen to match each 
list item in terms of Thorndike-Lorge frequency, ini- 

tial letter, and number of syllables. Distractors for 
HPEs were famous names with the same initial let- 
ter and the same approximate length. Distractors 
and list items were randomly arranged in a column 
of 30 words with the restriction that HPEs and their 
distractors were always tested last (i.e., the bottom 
of the column). The Ss were to circle Y (yes) or N 

(no) printed next to each item depending on whether 

it had or had not occurred in the list they just viewed. 

All ‘Ss were instructed that some of the lists con- 
tained one or more names of famous people, and that 
It was very important that all famous names be rec- 
ognized correctly. It was stressed that recognition 
decisions were to be made in sequence, without leav- 
ing any items unanswered, and without returning to 
difficult decisions. When all Ss had completed a 
recognition test (which took approximately 30 sec.), 
the next list of words was presented on the screen. 

Results and. discussion.—Table 1 shows the per- 
centages of items recognized at each input position 
for each of the five conditions. Brackets enclose 
data from positions at which HPEs occurred; par- 
entheses indicate the immediately preceding items 
(IPIs), the immediately following items (IFIs), and 
the comparable control values. 

Recognition of HPEs averaged 94% over all con- 
ditions, despite the fact that these items were not 
tested until the last positions in the recognition task. 


Overall list recognition averaged 75%; differences 


Brackets indicate locations of HPEs; parenthese: 


between conditions in overall recognition were not 
statistically significant. k 

Analyses of variance were performed to make 
separate comparisons of each HPE condition to con- 
trol performance. The basic data were numbers o 
recognition errors in each list (collapsed across Ss, 
on IPIs, IFIs, and control items in comparable input 
positions. In each analysis, conditions represented à 
between-lists variable with two levels (HPE v$- 
Control) and position represented a within-lists var- 
iable, the number of levels being dependent on the 
number and spacing of HPEs in that condition. FOr 
example, data from four positions (6, 8, 10, 13) were 
considered in analyzing the HPE 7, 12 condition 
three positions were relevant for HPE 7, 9; and two 
positions for both HPE 7 and HPE 7, 8 conditions: 

All analyses resulted in highly significant mam 
effects of condition, indicating that fewer adjacen- 
items were recognized in each HPE condition E 
compared to the control, Fs (1, 6) — 62.61, 11. d 
39.47, 50.71 for HPE 7; 7, 8; 7,9; and 7, 12, respec 
tively, ps < .05. The effect of position did not Jm 
proach statistical significance in any of the analyses, 
buta Condition X Position interaction was observe 
in comparison of HPE 7 and Control conditions, d 
(1, 6) — 27.53, p « .01. This interaction reflecting 
greater decrements for IPIs than for IFIs in d 
HPE 7 condition. It should be noted that the moss 
nitude of the interaction effect results in part fro! 
opposite directional tendencies in the control Beale 
No interactions were found in analyses of oth 
conditions, Fs « 1. 

Earlier findings of detrimental effects of. i are 
name HPEs on the recognition of adjacent ES o 
confirmed by the present data, and the genera res o 
the phenomenon is extended to yes-no mea iB 
recognition. Predominance of retrograde EE ob- 
the HPE 7 condition can be related to es 1PIs 
servations of larger recognition decrements } a list 
than IFIs when only single HPEs occur eset 
(Schulz, 1971, Exp. 1). With two HPEs Pu ad- 
prior evidence indicated significant effects 9 7, 
jacent items in an HPE 7, 9 condition; T nt effect? 
and 7, 12 conditions, however, the only sale! 
in forced-choice recognition were decrémen d H 
(Schulz, 1971, Exp. III). The present Stucy fed to 
more conclusively that IPIs and IFIs oe a list. 
an equal degree when two HPEs occur cognition of 

The consistent findings of impaired. Tem t of 1088 
IPIs and IFls may be interpreted as a T 


nous- 
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of effective Presentation time for both kinds of items. 
he Onset of a famous-name HPE is presumed to 
terminate normally ongoing consolidation or encod- 
Mg of the IPI; rehearsal of the HPE just after its 
Presentation is assumed to detract from effective 
Presentation time of the IFI, 
i Type of recognition task employed is ruled out by 
(fl present study as an explanation for the differen- 
E effects of famous namesand nudesas HPEs. The 
Possibility remains that line drawings may require 
less encoding or processing time than verbal items; 
E pou former type might therefore remain un- 
senta; Dy HI Es except at very rapid rates of pre- 
ju z ion. The severe anterograde effects could be 
ributed to a failure to attend to the line drawings 
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after the appearance of nude pictures. Further re- 
search should focus on such characteristics of the 
stimulus materials as factors potentially responsible 
for the discrepant results. 
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PREFERENCE FOR INFORMATION ABOUT AN UNMODIFIABLE 
BUT REWARDING OUTCOME! 


JOHN J. FUREDY ? ANb FELIX KLAJNER 


University of Toronto 


Postexperimental questionnaires assessed preference for signaled (S-sec. 
signal with onset preceding outcome onset by 7.5 sec.) over unsignaled re- 
warding outcomes, where the outcomes were 15-sec. cooling air pulls to 40 


Ss’ faces in a continuously hot 
environment. 


comes is discussed, 


It is both common i 

i Om believed, ; rad 
With cups) HDI. peeved, and Js consistent 
19 8) rend EUH teal Mata aa (eat Perkins, 
abo that T 


Organisms prefer to obtain information 
ven when the information 
ation of those outcomes, 
e for this notion comes mainly from 
(PSs) Trence of the preference-for-signaled-shock 
in (a) Phenomenon, which has been reported both 
(Lanz, animals (e.g., Perkins, 1968) and (b) humans 
argued 42, & Driscoll, 1966). However, (a) as 
PSS l by Furedy and Doob (1972), the animal 
the Phenomenon may have occurred only because 
Pured Sks were modifiable (cf. Biederman & 

redy, 1970, for indirect evidence to support this 


Ou e" 
do, "E ous outcom 
Permit r i 
he gees modif 
© evidence 
Occu; 


VThi 1 

(sre 15 research was supported I nts from Canada Council 

(AA 210) and from the National Research Council of Canada 
\PA 222) to John J. Furedy. 
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(110°F) and humid (80% relative humidity) 
Signals allowed no outcome 
highly reliable preference for signaled puffs, and this preference w 
pendent of sex of Ss, willingness to perform an easy task for the puffs, 
score on a postexperimentally administered achievement scale, j 
between these clear signaled-preference results, and pre 
obtaining reliable preferences for signaled unmodifiabl 


modification, yet there was a 
as inde- 
S, and 
The contrast 
vious difficulties in 
© noxious (shock) outs 


view), while (2) ime 
found in a number of 
(1972), who, in discussi 


ig r A 
ior the conclusion that Lanzetta and Drisos 
(1966) reference experiment in faver of the PSS 
phenomenon “was not optimally designed to test 
for a preference for signaled over unsignaled shock 
[Furedy & Doob, 1971, p. 8]." _ At this stage, then, 
although the issue is far from finally resolved, it is 
at least doubtful whether there really is a preference 
for information about  unmodifiable noxious 
outcomes. 

On the other hand, there is both less doubt about 
and less evidence concerning preference for informa- 
tion about unmodifiable rewarding outcomes. In a 
hot and humid environment, a biologically. signifi- 
cant outcome of this sort is provided by a puff of 
cooling air to S’s face, and forms of this type of 
outcome have been shown to be positively reinforcing 
for humans (e.g., Furedy, 1967; Paul, Eriksen, & 


reded 
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ec 
Humphreys, 1962). The experiment to be reported 
here used a rewarding-puff outcome, and evidence 
was sought concerning two issues: (a) whether the 
preference-for-signaled-puff (PSP) phenomenon oc- 
curs reliably as a group effect, and (b) if so, whether 
this sort of preference for information about an 
unmodified but rewarding outcome is related to 
other variables such as the sex of the Ss. 

Method.—The Ss were 20 male 
undergraduates from the University of Toronto who 
were paid $1.50 for Participating. 

The S was comfortably seated before a plywood 

water-resistant hot box and his face was loosely 
padded oval Opening in the front 
Panel of the box. The dimensions of the internal 
Part of the box visible to S were 46 cm. (height), 
61 cm. (width), and 58 cm. (depth). Internal-box 
temperature was thermostatically controlled within 
-E3? F. at 110°; relative humidity „was 80%, 
+5%, generated by two vaporizers hidden from 
S's view, and controlled by a humidistat. The 
15-sec. Puff was delivered through a 4.4-cm.-diam. 
metal pipe, the opening of which was 28 cm. 
away from S's face at an upward angle of 409, 
Puff onset and offset were controlled by a sole. 
noid valve, and the source of the puff was a con- 
tinuously moving flow of air produced by a fan 
rotating at 3,060 rpm., driven by two Redmond 
motors (Model AJ2HOIAY). The air was drawn 
from the air-conditioned room containing S and the 
box, but, because of the great heat transfer, the 
puff received by S was close to the 1109 F. internal 
box temperature, However, because of the high 
humidity of the internal-box environment, the puff, 
through its evaporative function, felt pleasantly 
cool. Evidence that heat transfer renders the puff 
temperature at origin of little importance comes 
from a pilot Study where the puff wa 
delivered directly from an air-conditi 
temperatures less than 45° F.) ratt 
room air; Ss could not tell the differer 
the two puffs. The signal for the puff 
an increase in genet 
2.3 to 7.7 ftl. 

Two other features visible to 5 
task § Sometimes had to perform 
28-v. lights (red or blue) mounted 
the back wall of the chamber, and (b) between the 
two lights, a white semi-circular 14-cm.-diam, 
plastic panel, which, when lit up, showed the word 


“choice,” Finally, for the task, 
Pushbutton 


nee between 
consisted of 
he box from 


and related to a 
» Were: (a) two 
in front of S on 


a foam-padded panel 
d depression of 
S receiving, through ear- 
phones, a 1.5-sec., 69-db. tone of 350, 1,200, 2,000, 
or 3,500 Hz. The E, who was ina Separate room, 
Was in constant contact with S$ via S's earphones 
and a microphone strapped to S's throat. 
efore his face Was strapped in, S was shown the 
four task switches, and told that these “keys” would 
later be referred to as "one," “two,” “three,” and 
“four” from left to right. The task, as instructed 
to .$ through the intercom, was to press these keys 


€ach switch 
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in the sequence 4-2-3-1, and S was told that te 
work would sometimes be necess ty for EE nh 
each puff. Such “work” and "no-work i ie n] 
were differentially indicated by the onset of th Ss); 
and blue lights (counterbalanced pa ulis 
during no-work periods, Ss were to get POTE 
without having to perform the task. The E 
was exposed to the heated-box environ d He 
approximately 5 min, before the beginning 
experiment. ` ARG 
T Stages 1 and 2 of the experiment, eis 
received a work period followed by a s m 
period, or vice versa, Each period Co aaah 
60-sec. trials with no interval between ue @ 
60-sec. trial consisted of: (a) a 37}-sec. de ally, 
work periods the task could be, and was pen 
performed by all Ss on all trials) ; (b) a further Ent: 
delay on Trials 1, 4, and 5, or a 5-sec. signal ELT (€ 
73 sec. before Puff onset on Trials 2, 3, and "the 
a 15-sec. puff. The third stage differed from ae 
first two only inasmuch as S was allowed to cho he 
during the first 73 sec, of each trial bis 
wanted to work for the puff. It will be noted x E 
because of the ease of the task and the apparens 
attractiveness of the puffs, these outcomes Wels 2 
modified by the Performance of the task, 2I Ss. 
available puffs were actually received by sedi nó 
More importantly, however, the signal Nr. 
possibility of puff modification by S in this situa ds 
Because the initial instructions relating to lex) 
performance of the task were already quite cone 
no reference was made at that time to any 7e Wa 
lights. Tt assumed that Ss would i Er 
signal-puff contingency; when, at the end t. 
experiment, Ss were asked to indicate on a ped S, 
questionnaire whether they preferred signaled bv 
unsignaled puffs, or had no preference, app tion 
mately 80% of the Ss did not need any PUEDEN a 
of what was meant by “signaled” and “unsigna TES 
The remaining Ss, who did ask for an e: planati 
indicated immediate understanding as soon z 1o 
mentioned the light, there being no need for i 
elaborate on the light-puff contingency for ane 
Finally, Ss filled out Mehrabian's (1968) ARD y 
ment Scale, which differs slightly but appropria 
for males and females, » eee 
Results and discussion.—Twenty and 3 Ss, S S, 
tively, preferred signaled and unsignaled at 
while the remaining 17 expressed no pre 2 0s 
This result represents a clearly significant, P rable 
Preference for information about this d noting 
but rewarding outcome, although it is wor! xpress? 
the relatively large proportion of E who Pees 
indifference about such information. Ags unaware 
again the possibility that many Ss be suggested 
of the signal-puff contingency, it may “ignorant: 
that these “indifferent” Ss were really Ee would 
However, it will be noted that such UE as for 
work against obtaining a significant c emerge 
signaled puff, a preference which did proportion of 
in the 40 tested Ss. Moreover, the AE y. 
indifferent Ss approximates those nies i 
analogous postexperimental MED. experi- 
several much simpler aversive condi 


‘om 


EE ee AM 
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ments (Furedy & Doob, 1972), 


where Ss were 
clearly 


Clea aware of signal-shock contingencies (as 
Indicated, for example, by the presence of differential 
autonomic conditioning), and where no reliable 
Preference for signaled shock emerged in any 
experiments, à 
.he design of the present experiment also per- 
mitted examination of whether the PSP varied as a 
for the puff, 
need for achievement as measured by Meh- 
Chi-square values were 
for the relationship between the PSP 
the other variables, and 
Summarized in Table 1. It can be 
that the PSP Phenomenon is more closely 
*d to sex than to any other variable, with the 
" enon being more marked in females. How- 
si Sven this Sex-based coefficient did not approach 
S Enificance so that the results, taken together, do 
10 suggest that the psp phenomenon is reliably 
à any of the three variables examined, 
1e clear Emergence of the PSP phenomenon in 
Sent s Udy contrasts with the repeated 
find the PSP phenomenon in a number 
“Outcome studies (Furedy & Doob, 1972). 
5, a similar contrast can be noted 
Xious-outcome PSS findings quoted 
2 » Which, as mentioned at the outset, 
Sa clearly rule out the possibility of modifi- 
n, and in the series of carefully designed experi- 
V OWer, McLean, and Meacham (1966) 
Preference for information about 
Outcomes, even when such in- 
Carly did not permit the Ss to modify 
Itcome, In humans, Wiegal and Rodwan 
nave reported that signaled rewarding out- 
© more attractive than the same un- 
However, although these 
ruled out the Possibility of any 
the sgg, | OF instrumental value” inherent in 
signa]: pro Ue following considerations suggest that 
such Cuced modification may have played just 
ien a Tole: (a) The outcomes in question were 
highly erotically rated nude females 
OA male Undergraduates, with S being 
relatively unrestrained, and enjoying a degree 
Vacy, since he was separated from Æ: (b) the 
i Signaled-unsignaled attractiveness differ- 
T€ obtained at signal-outcome intervals of 
làn 3 or 1 sec, In short, there is the 
here of a rather specific form of signal- 
Modification which would have 
and which, at least by some of 
Cause Dina o Braduates, is no longer considered to 


calculated 
Ph 
th 


and u discrepancy between unmodifiable noxious 
th Modifiable rewarding outcomes as regards 
“erence for information could be due to the 
; Ly that, in the case of noxious outcomes, 
elicits conditional fear (e.g., Brown, 
o 1 Farber, 1951), the stimulus consequences 
à id ich act aS a secondary drive to increase the 
"pact or aversiveness of the noxious outcome (e.g., 

Which follows the signal. Hence, with 


TABLE 1 


PREFERENCE FoR SIGNALED Purr as RELATED TO SEX, Work, 
AND SCORES ON ACHIEVEMENT SCALE 


Aare Achievement 
Sex Work scale score 
Preference 
Male | Female High | Low High | Low 
8 12 14 6 12 8 
3 0 2 2 1 
9 Li 9 8 8 9 


Note.— x? values (for p <.05, x? > 7.8) for sex 
work -16, for achievement scale score = 90, 
High-Low classifications on the work and achievement var- 
iables are based on median splits. 


= 3.86, for 


noxious outcomes, the beneficial eff 
through its eliciting, as Perkins (1968) suggests, 
“preparatory responses” (PRs), may be masked 
by the detrimental effect of the fear factor, a factor 
which is not present with signaled rewarding 
outcomes. It is possible, therefore, to interpret 
the present PSP effect as supportive of the PR 
notion of Perkins (1968) as regards rewarding 
outcomes. However, this confirmation is, at best, 
indirect. Direct confirmation requires a demon- 
stration that specific forms of the signal-elicited 
PR do, in fact, increase the attractiveness of the 
puff outcome in a classical appetitive conditioning 
situation (e.g., Furedy, 1967). If such confirma- 
tion were obtained, PR theory would be as directly 
supported for rewarding outcomes as the theory has 


recently been w eakened for noxious shock Outcomes 
(Furedy, 1970). 


ect of the signal 
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Pa x re 
ABSOLUTE JUDGMENTS OF RECENCY FOR PICTURES AND NOUNS 
AFTER VARIOUS NUMBERS OF INTERVENING ITEMS 


JAMES L. FOZARD? axp JANE R. WEINERT 


Veterans Administration Outpatient Clinic, Boston, Massachusetts 


At their own pace, Ss viewed a filmed inspection sequence of unrela ted iei 

and nouns. [n questions interspersed among the inspection items, Ss guma c 

the number of items that separated the presentation of a picture or a pa 

a question from its earlier presentation in the inspection sequence. W ee E 

number of such items was relatively small (13 or 14), pictures were jud pe a 

be relatively more recent than nouns separated by an equivalent R er z 4 
items, but as the separation became larger (49-50 other items), the differenc 


between the judged recency of the two classes of stimuli decreased. 


The 


variability of the judged recency of nouns was larger than that of pictures, 


especially when the separation between question 


was small. 


In an earlier experiment (Fozard, 1970), Ss 
viewed a sequence of inspection items consisting of 
unrelated nouns and pictures; in questions, pairs of 
items were presented to S who was required to 
select the member of each pair he believed he had 
seen more recently. In some questions the items 
compared were both nouns or both pictures; in 
others, one was a picture and the other a noun. 
Discrimination of relative recency was better when 
both items presented in the question were pictures 
than when both were nouns, a finding con nt 
with those of earlier experiments (Fozard & Lapine, 
1968; Fozard & Yntema, 1966; Yntema & Trask, 
1963). When the more recent item was a picture 
and the less recent one a noun, 


discrimination was 
poorer than when both items were pictures but 


better than when both items were nouns. When the 
less recent item was a picture and the more recent one 
a noun, discrimination was poorer than when both 
were nouns. Thus discrimination performance was 
worse in both cases when the two items were from 
different rather than the same class of stimuli, 

The results of the experiment were consistent with 
a hypothesis that the average apparent recency of 
nouns is less than that of pictures separated by the 
Same number of items from their question, and that 
the judged recency of nouns is more variable than 
that of pictures, Alternative hypotheses, that nouns 
and pictures differ only in the variability of their 
recency judgments or that the two classes of stimuli 
differ only in the average of their judged recencies, 
were inconsistent with the rank order of performance 
in the four conditions. 

The hypothesis offered for th 
ences betwee: 
nouns d 


€ observed differ- 
n the apparent recency of pictures and 
id not consider the manner in Which varying 
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cerning the analyses of the recognition data, 
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Boston, Massachusetts 02108. The author is also at Harvard 
Medical School, 


and inspection sequence 


4 m- 
the number of intervening items between Eu: 
spection item and its question might n of the 
judgments of recency, The major purpose the 
present experiment, therefore, was to vomer d 
effect, on the judged recency of pictures and ^ the 
of varying the number of stimuli se[ ra nC 
presentation of an item in the inspection sa was 
from the question. The hypothes g 5) 
that the central tendency and variability o! us with 
judgments of pictures would change mo! More 
separation than they would with nouns judge 
specifically, pictures were expected to zii separa- 
relatively more recent than nouns at sma VR that 
tions than at large ones. Also, are ea sub- 
nouns are effectively closer to the end ie: d 1970; 
jective recency scale than pictures Te at 
p. 142), the variability of recency judg t 


b 

; as expected tO |” 

small separations for nouns was Eum of judg 
larger than those for pictures; variability eater 


: se. lel ith gr 
ments would, however, increase less care 
separation than would be the case for pi elate 


art rae TOR 
A second purpose of the experiment si correc y 
recency judgments and the ability to the age? 


identify old and new items to differences 1n E 
of the Ss. Although age-related different 
mating duration of short time intervals have been 
Teported (see Comalli, 1967), few data h 
reported for longer intervals. NET 
Method.—Twenty-one males eem 
25 to 73 yr. and differing widely in EU 
socioeconomic status (Warner, pese 
1960) served as Ss. They were calthy aging 
pants in a longitudinal study of hea re above i 
by various medical criteria, they X Damon, 
age in physical health (Bell, Due : describ 
One of the two equivalent test fi pice 3 a 
Fozard (1970) was employed in the P individuallY- 
The test film was presented to cach 2 
The .S advanced the film at his own p2 


m 
age fro! 


pn 
ional à 
n “Eells, 


e by 


jector. ‘0 
at a time, through a 16-mm. "PP ranged Hd 
required to complete the experi ) min. allo 


by E. 
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SHORT REPORTS 


The film began with a series of 
Containing 


Pictures 


1+ frames each 
a single inspection item; 7 were colored 
«Be ae 7 were concrete nouns. The S was 
ry to remember the inspection items he 

EAM After the first 14 items, a question frame 
Consisting of 2 items side by side was presented. 
Questions contained either 2 pictures, 2 nouns, 
9 à picture and a noun. After the first question, 
a sequence of 2 inspection items, one a picture 
and the other a noun, was presented and followed 
Berner question; the sequence of 2 new items and 
luestion was then repeated throughout the film. 
the eie dd stion, 5 was instructed to first inspect 
der Nee item, If he believed that the item 
this P mar presented before in the film he signified 
Presented bois an “X”; if he believed it had been 
A Fides his Er as a single Inspection item, he was 
JE SON many frames back in the film he 
it had. been presented, and to write the 


T 

onite ur repeated this procedure with the item 

void. Deoa been instructed that any given item 

ment, once ine more than twice in the experi- 

He was also tol eon and once in a question. 

Only ina onan d that some items would be presented 
1Uestion, 


questions, both 
arlier 


items presented had 
as inspection items; in others one 
had been, presented earlier, while the 
;. DOt (There were no questions in 
items presented in the question had not 
arlier in the experiment because 
: cen used originally in an experiment 
a forced-choice procedure was employed.) 


howeve n 
' MOwever, was not told of these constraints. 
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In summary, Ss were instructed to make one of 
two responses to each item in a question: a numerical 
judgment of the recency of any item he believed 
had been presented earlier in the experiment or a 
nonnumerical judgment, X, for any item he believed 
had not been presented earlier in the experiment. 
Considered as recognition judgments, a response of 
X to an item presented earlier, signified a failure 
by S to recognize an old item, while an X response 
to a new item was its correct identification. A 
numerical judgment to a previously presented item 
indicated a correct recognition of an old item, but 
a numerical judgment to an item presented for the 
first time in a question signified a failure to dis- 
tinguish an old from a new item, 

Details of the plan of the test film are described 
elsewhere (Fozard, 1970). The smallest number of 
frames on the film separating the initial presentation 
of an inspection item and its subsequent presenta- 
tion in a question was either 13 or 14 (average 
= 13.5) frames. The other two average separations 
were 25.5 and 49.5 frames. The number of ques- 
tions containing two items of the same class or one 
of each was balanced within each pair of separations 
ented in the questions. There was a total of 
t items for each combination of separation 
and stimulus class. In addition, there were 36 
pictures and 36 nouns presented for the first time 
in à question. 

Results and disc. ic data analyzed 
were the medians and interquartile ranges (IQR) of 
each S's judgments and the fraction of identifica- 
tions of new and old items. The number of judg- 
ments by different Ss varied: 15 of the 21 completed 
all of the questions; 4 made between 25 and 30 of 
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